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(57) ABSTRACT 

The invention provides methods, nucleic acids and kits for 
detecting colon cell proliferative disorders. The invention 
discloses genomic sequences the methylation patterns of 
which have utility for the improved detection of and differ 
entiation between said class of disorders, thereby enabling the 
improved diagnosis and treatment of patients. 
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METHODS AND NUCLECACDS FOR THE 
ANALYSIS OF COLON PROLIFERATIVE 

DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority to 
U.S. patent application Ser. No. 10/603,138, filed 23 June, 
2003 and entitled METHODS AND NUCLEICACIDS FOR 
ANALYSES OF COLORECTAL CELL PROLIFERATIVE 
DISORDERS, which is incorporated herein by reference in 
its entirety. 

FIELD OF THE INVENTION 

0002 Aspects of the present invention relate to cancer, and 
to the detection and progression of cancer. More particular 
aspects relate to nucleic acids and kits having diagnostic, 
prognostic and therapeutic utility for detecting and distin 
guishing colon cell proliferative disorders, based on methy 
lation patterns of relevant genomic DNA sequences. 

BACKGROUND 

0003. In the United States the annual incidence of colorec 
tal cancer is approximately 150,000, with 56,600 individuals 
dying from colorectal cancer each year. The lifetime risk of 
colorectal cancer in the general population is about 5 to 6 
percent. Despite intensive efforts in recent years in screening 
and early detection of colon cancer, until today most cases are 
diagnosed in an advanced stage with regional or distant 
metastasis. While the therapeutic options include Surgery and 
adjuvant or palliative chemotherapy, most patients die from 
progression of their cancer within a few months. Identifying 
the molecular changes that underly the progression of colon 
cancer and the formation of metastasis may help to develop 
new diagnostic and therapeutic options that could improve 
the overall poor prognosis of these patients. 
0004. The current model of colorectal pathogenesis 
favours a stepwise progression of adenomas which includes 
the development of dysplasia and finally signs of invasive 
cancer. The molecular changes underlying this adenoma-car 
cinoma sequence include genetic and epigenetic alterations 
of tumor suppressor genes (APC, p 53, DCC), the activation 
of oncogenes (K-ras) and the inactivation of DNA mismatch 
repair genes'. Recently, further molecular changes and 
genetic defects have been revealed. Thus, activation of the 
Wnt signalling pathway not only includes mutations of the 
APC gene, but may also result from beta-catenin mutations. 
Furthermore, alterations in the TGF-beta signalling pathway 
together with its signal transducers SMAD4 and SMAD2 
have been linked to the development of colon cancer. 
0005. Despite recent progress in the understanding of the 
pathogenesis of adenomas and carcinomas of the colon and 
their genetic and molecular changes, the genetic and epige 
netic changes underlying the development of metastasis are 
less well understood. It is, however, generally well accepted 
that the process of invasion and proteolysis of the extracellu 
lar matrix, as well as infiltration of the vascular basement 
membrane involve adhesive proteins, such as members of the 
family of integrin receptors, the cadherins, the immunoglo 
bulin superfamily, the laminin binding protein and the CD44 
receptor. Apart from adhesion, the process of metastasis for 
mation also includes the induction and regulation of angio 
genesis (VEGF, bFGF), the induction of cell proliferation 
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(EGF, HGF, IGF) and the activation of proteolytic enzymes 
(MMPs, TIMPs, uPAR), as well as the inhibition of apoptosis 
(Bcl-2, Bcl-X). More recently other groups have compared 
the genetic and molecular changes in metastatic lesions to the 
changes found in primary colorectal cancers. Thus, Kleeffet 
al. reported the loss of DOC-2, a candidate tumor suppressor 
gene, both in primary and metastatic colorectal cancer. Fur 
thermore, Zauber et al. reported that in their series of 42 
colorectal cancers Ki-ras mutations in the primary cancers 
were identical in all of the 42 paired primary and synchronous 
metastatic lesions. Similarly loss of heterozygosity at the 
APC locus was identical for 39 paired carcinomas and syn 
chronous metastasis. The authors concluded that for Ki-ras 
and APC genes the genetic changes in metastasis are identical 
to the primary colorectal cancer. However, other groups have 
found genetic and molecular changes in metastatic colon 
cancers, that are not present in the primary cancers. Thus, the 
development of LOH of chromosome 3p in colorectal 
metastasis has been reported. In addition, using comparative 
genomic hybridization several alterations were found in liver 
metastasis that were unique to metastastic lesions (-9q, -11q, 
and -17.q). 
0006. Apart from mutations aberrant methylation of CpG 
islands has been shown to lead to the transcriptional silencing 
of certain genes that have been previously linked to the patho 
genesis of various cancers. CpG islands are short sequences 
which are rich in CpG dinucleotides and canusually be found 
in the 5' region of approximately 50% of all human genes. 
Methylation of the cytosines in these islands leads to the loss 
of gene expression and has been reported in the inactivation of 
the X chromosome and genomic imprinting. Recently several 
groups have also analysed the methylation of various genes in 
colorectal cancer and reported the transcriptional silencing by 
promoter methylation for p 16INK4, p 14ARF, p. 15INK4b. 
MGMT, hMLH1, GSTP1, DAPK, CDH1, TIMP-3 and APC 
among others. Thus apart from mutational inactivation of 
certain genes, the hypermethylation of these genes also con 
tributes significantly to the pathogenesis of this disease. 
0007. In recent years several genes that are methylated in 
colon cancer have been identified by MSAP-PCR. This group 
of genes among others, includes TPEF/HPP1 which is fre 
quently methylated in colon cancers and which was indepen 
dently identified by two different groups using the MS AP 
PCR method. See for example, Young J, Biden KG, Simms L 
A, Huggard P. Karamatic R. Eyre HJ, Sutherland GR, Herath 
N. Barker M. Anderson G.J. Fitzpatrick DR, Ramm GA, Jass 
J. R. Leggett BA. HPP1: a transmembrane protein-encoding 
gene commonly methylated in colorectal polyps and cancers. 
Proc Natl Acad Sci USA 2001: 98:265-270. 
0008 ALX4 gene methylation was identified using differ 
ential methylation hybridization in a study by Yan et al. of 
genome-wide screening for CpG island hypermethylation in 
breast cancer samples. In their study ALX4 gene methylation 
was most prominent in poorly differentiated breast cancers 
(Yan PS, Perry MR, Laux D E, Asare A L, Caldwell C W. 
Huang T. H. CpG island arrays: an application toward deci 
phering epigenetic signatures of breast cancer. Clin Cancer 
Res 2000; 6:1432-1438). ALX4 is a putative transcription 
factor that belongs to the family of paired-class homeopro 
teins. This gene is part of a family of genes that includes the 
mammalian genes Alx 3, Cart-1, MHox, and S8 and exhibits 
similarity to the Drosophila gene aristaless. It binds palindro 
mic DNA sequences (5'-TAAT-3') as either homodimers or as 
heterodimers with other family members and strongly acti 
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Vates transcription from a promoter containing the home 
odomain binding site, P2. ALX4 is expressed at several sites 
during development, including the craniofacial and limb-bud 
mesenchyme. Interestingly, ALX4 deficient mice exhibit 
body-wall defects, preaxial polydactyl), and a decreased size 
of the parietal plate of the skull, while mutations of the human 
homeobox gene ALX4 have been found in inherited defects 
of skull ossification. ALX4 is also expressed in various tissues 
whose development is dependent on epithelial-mesenchymal 
interactions and regulates mesenchymal-specific activities of 
LEF-1. 

0009 Multifactorial approach. Cancer diagnostics has tra 
ditionally relied upon the detection of single molecular mark 
ers (e.g. gene mutations, elevated PSA levels). Unfortunately, 
cancer is a disease state in which single markers have typi 
cally failed to detect or differentiate many forms of the dis 
ease. Thus, assays that recognize only a single marker have 
been shown to be of limited predictive value. A fundamental 
aspect of this invention is that methylation based cancer diag 
nostics and the screening, diagnosis, and therapeutic moni 
toring of such diseases will provide significant improvements 
over the state-of-the-art that uses single marker analyses by 
the use of a selection of multiple markers. The multiplexed 
analytical approach is particularly well Suited for cancer diag 
nostics since cancer is not a simple disease, this multi-facto 
rial “panel” approach is consistent with the heterogeneous 
nature of cancer, both cytologically and clinically. 
0010 Key to the successful implementation of a panel 
approach to methylation based diagnostic tests is the design 
and development of optimized panels of markers that can 
characterize and distinguish disease states. This patent appli 
cation describes an efficient and unique panel of genes the 
methylation analysis of one or a combination of the members 
of the panel enabling the detection of cell proliferative disor 
ders of the prostate with a particularly high sensitivity, speci 
ficity and/or predictive value. 
0011 Development of medical tests. Two key evaluative 
measures of any medical screening or diagnostic test are its 
sensitivity and specificity, which measure how well the test 
performs to accurately detect all affected individuals without 
exception, and without falsely including individuals who do 
not have the target disease (predicitive value). Historically, 
many diagnostic tests have been criticized due to poor sensi 
tivity and specificity. 
0012. A true positive (TP) result is where the test is posi 

tive and the condition is present. A false positive (FP) result is 
where the test is positive but the condition is not present. A 
true negative (TN) result is where the test is negative and the 
condition is not present. A false negative (FN) result is where 
the test is negative but the condition is present. In this context: 
Sensitivity=TP/(TP+FN); Specificity=TN/(FP+TN); and 
Predictive value=TP/(TP+FP). 
0013 Sensitivity is a measure of a test's ability to correctly 
detect the target disease in an individual being tested. A test 
having poor sensitivity produces a high rate of false negatives, 
i.e., individuals who have the disease but are falsely identified 
as being free of that particular disease. The potential danger of 
a false negative is that the diseased individual will remain 
undiagnosed and untreated for Some period of time, during 
which the disease may progress to a later stage whereintreat 
ments, if any, may be less effective. An example of a test that 
has low sensitivity is a protein-based blood test for HIV. This 
type of test exhibits poor sensitivity because it fails to detect 
the presence of the virus until the disease is well established 
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and the virus has invaded the bloodstream in substantial num 
bers. In contrast, an example of a test that has high sensitivity 
is viral-load detection using the polymerase chain reaction 
(PCR). High sensitivity is achieved because this type of test 
can detect very Small quantities of the virus. High sensitivity 
is particularly important when the consequences of missing a 
diagnosis are high. 
0014 Specificity, on the other hand, is a measure of a test's 
ability to identify accurately patients who are free of the 
disease state. A test having poor specificity produces a high 
rate of false positives, i.e., individuals who are falsely iden 
tified as having the disease. A drawback of false positives is 
that they force patients to undergo unnecessary medical pro 
cedures treatments with their attendant risks, emotional and 
financial stresses, and which could have adverse effects on the 
patient's health. A feature of diseases which makes it difficult 
to develop diagnostic tests with high specificity is that disease 
mechanisms, particularly in cancer, often involve a plurality 
of genes and proteins. Additionally, certain proteins may be 
elevated for reasons unrelated to a disease state. An example 
of a test that has high specificity is a gene-based test that can 
detect a p53 mutation. Specificity is important when the cost 
or risk associated with further diagnostic procedures or fur 
ther medical intervention are very high. 
00.15 Bisulfite modification of DNA is an art-recognized 
tool used to assess CpG methylation status. 5-methylcytosine 
is the most frequent covalent base modification in the DNA of 
eukaryotic cells. It plays a role, for example, in the regulation 
of the transcription, in genetic imprinting, and in tumorigen 
esis. Therefore, the identification of 5-methylcytosine as a 
component of genetic information is of considerable interest. 
However, 5-methylcytosine positions cannot be identified by 
sequencing, because 5-methylcytosine has the same base 
pairing behavior as cytosine. Moreover, the epigenetic infor 
mation carried by 5-methylcytosine is completely lost during, 
e.g., PCR amplification. 
0016. The most frequently used method for analyzing 
DNA for the presence of 5-methylcytosine is based upon the 
specific reaction of bisulfite with cytosine whereby, upon 
Subsequent alkaline hydrolysis, cytosine is converted to uracil 
which corresponds to thymine in its base pairing behavior. 
Significantly, however, 5-methylcytosine remains unmodi 
fied under these conditions. Consequently, the original DNA 
is converted in Such a manner that methylcytosine, which 
originally could not be distinguished from cytosine by its 
hybridization behavior, can now be detected as the only 
remaining cytosine using standard, art-recognized molecular 
biological techniques, for example, by amplification and 
hybridization, or by sequencing. All of these techniques are 
based on differential base pairing properties, which can now 
be fully exploited. 
0017. The prior art, in terms of sensitivity, is defined by a 
method comprising enclosing the DNA to be analyzed in an 
agarose matrix, thereby preventing the diffusion and renatur 
ation of the DNA (bisulfite only reacts with single-stranded 
DNA), and replacing all precipitation and purification steps 
with fast dialysis (Olek A, et al. A modified and improved 
method for bisulfite based cytosine methylation analysis, 
Nucleic Acids Res. 24:5064-6, 1996). It is thus possible to 
analyze individual cells for methylation status, illustrating the 
utility and sensitivity of the method. An overview of art 
recognized methods for detecting 5-methylcytosine is pro 
vided by Rein, T., et al., Nucleic Acids Res., 26:2255, 1998. 
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0018. The bisulfite technique, barring few exceptions 
(e.g., Zeschnigk M. et al., Eurj Hum Genet. 5:94-98, 1997), 
is currently only used in research. In all instances, short, 
specific fragments of a known gene are amplified Subsequent 
to a bisulfite treatment, and either completely sequenced 
(Olek & Walter, Nat. Genet. 1997 17:275-6, 1997), subjected 
to one or more primer extension reactions (Gonzalgo & 
Jones, Nucleic Acids Res., 25:2529-31, 1997; WO95/00669; 
U.S. Pat. No. 6,251.594) to analyze individual cytosine posi 
tions, or treated by enzymatic digestion (Xiong & Laird, 
Nucleic Acids Res., 25:2532-4, 1997). Detection by hybrid 
ization has also been described in the art (Olek et al., WO 
99/28498). Additionally, use of the bisulfite technique for 
methylation detection with respect to individual genes has 
been described (Grigg & Clark, Bioessays, 16:431-6, 1994: 
Zeschnigk M, et al., Hum Mol. Genet., 6:387-95, 1997: Feil 
R, et al., Nucleic Acids Res., 22:695-, 1994; Martin V, et al., 
Gene, 157:261-4, 1995; WO9746705 and WO9515373). 
0019. Bisulfite Methylation Assay Procedures. Various 
methylation assay procedures are known in the art, and can be 
used in conjunction with the present invention. These assays 
allow for determination of the methylation state of one or a 
plurality of CpG dinucleotides (e.g., CpG islands) within a 
DNA sequence. Such assays involve, among other tech 
niques, DNA sequencing of bisulfite-treated DNA, PCR (for 
sequence-specific amplification), Southern blot analysis, and 
use of methylation-sensitive restriction enzymes. 
0020 For example, genomic sequencing has been simpli 
fied for analysis of DNA methylation patterns and 5-methyl 
cytosine distribution by using bisulfite treatment (Frommeret 
al., Proc. Natl. Acad. Sci. USA 89:1827-1831, 1992). Addi 
tionally, restriction enzyme digestion of PCR products ampli 
fied from bisulfite-converted DNA is used, e.g., the method 
described by Sadri & Hornsby (Nucl. Acids Res. 24:5058 
5059, 1996), or COBRA (Combined Bisulfite Restriction 
Analysis) (Xiong & Laird, Nucleic Acids Res. 25:2532-2534, 
1997). 
0021 COBRA. COBRATM analysis is a quantitative 
methylation assay useful for determining DNA methylation 
levels at specific gene loci in Small amounts of genomic DNA 
(Xiong & Laird, Nucleic Acids Res. 25:2532-2534, 1997). 
Briefly, restriction enzyme digestion is used to reveal methy 
lation-dependent sequence differences in PCR products of 
sodium bisulfite-treated DNA. Methylation-dependent 
sequence differences are first introduced into the genomic 
DNA by standard bisulfite treatment according to the proce 
dure described by Frommer et al. (Proc. Natl. Acad. Sci. USA 
89:1827-1831, 1992). PCR amplification of the bisulfite con 
verted DNA is then performed using primers specific for the 
interested CpG islands, followed by restriction endonuclease 
digestion, gel electrophoresis, and detection using specific, 
labeled hybridization probes. Methylation levels in the origi 
nal DNA sample are represented by the relative amounts of 
digested and undigested PCR product in a linearly quantita 
tive fashion across a wide spectrum of DNA methylation 
levels. In addition, this technique can be reliably applied to 
DNA obtained from microdissected paraffin-embedded tis 
Sue samples. 
0022. Other assays used in the art include “Meth 
yLightTM (a fluorescence-based real-time PCR technique) 
(Eads et al., Cancer Res. 59:2302-2306, 1999), Ms-SNu 
PETTM (Methylation-sensitive Single Nucleotide Primer 
Extension) reactions (Gonzalgo & Jones, Nucleic Acids Res. 
25:2529-2531, 1997), methylation-specific PCR (“MSP': 

Feb. 19, 2009 

Hernan et al., Proc. Natl. Acad. Sci. USA 93:9821-9826, 
1996: U.S. Pat. No. 5,786,146), and methylated CpG island 
amplification (“MCA': Toyota et al., Cancer Res. 59:23.07 
12, 1999). These may be used alone or in combination with 
other of these methods. 
(0023 Methylight. The MethyLightTM assay is a high 
throughput quantitative methylation assay that utilizes fluo 
rescence-based real-time PCR (TaqMan(R) technology that 
requires no further manipulations after the PCR step (Eads et 
al., Cancer Res. 59:2302-2306, 1999). Briefly, the Meth 
yLightTM process begins with a mixed sample of genomic 
DNA that is converted, in a sodium bisulfite reaction, to a 
mixed pool of methylation-dependent sequence differences 
according to standard procedures (the bisulfite process con 
verts umethylated cytosine residues to uracil). Fluorescence 
based PCR is then performed either in an “unbiased’ (with 
primers that do not overlap known CpG methylation sites) 
PCR reaction, or in a “biased’ (with PCR primers that overlap 
known CpG dinucleotides) reaction. Sequence discrimina 
tion can occur either at the level of the amplification process 
or at the level of the fluorescence detection process, or both. 
0024. The MethylightTM assay may be used as a quanti 
tative test for methylation patterns in the genomic DNA 
sample, wherein sequence discrimination occurs at the level 
of probe hybridization. In this quantitative version, the PCR 
reaction provides for unbiased amplification in the presence 
of a fluorescent probe that overlaps a particular putative 
methylation site. An unbiased control for the amount of input 
DNA is provided by a reaction in which neither the primers, 
nor the probe overlie any CpG dinucleotides. Alternatively, a 
qualitative test for genomic methylation is achieved by prob 
ing of the biased PCR pool with either control oligonucle 
otides that do not “cover known methylation sites (a fluo 
rescence-based version of the “MSP technique), or with 
oligonucleotides covering potential methylation sites. 
(0025. The MethyLightTM process can by used with a “Taq 
Man R” probe in the amplification process. For example, 
double-stranded genomic DNA is treated with sodium 
bisulfite and subjected to one of two sets of PCR reactions 
using TaqMan(R) probes; e.g., with either biased primers and 
TaqMan(R) probe, or unbiased primers and TaqMan(R) probe. 
The TaqMan(R) probe is dual-labeled with fluorescent 
“reporter and “quencher molecules, and is designed to be 
specific for a relatively high GC content region so that it melts 
out at about 10°C. higher temperature in the PCR cycle than 
the forward or reverse primers. This allows the TaqMan(R) 
probe to remain fully hybridized during the PCR annealing/ 
extension step. As the Taq polymerase enzymatically synthe 
sizes a new strand during PCR, it will eventually reach the 
annealed TaqMan(R) probe. The Taq polymerase 5' to 3' endo 
nuclease activity will then displace the TaqMan(R) probe by 
digesting it to release the fluorescent reporter molecule for 
quantitative detection of its now unduenched signal using a 
real-time fluorescent detection system. 
(0026. Alternatively the MethylLightTM process can be 
used with Lightcycler probes. A LightCyclerTM probe is a 
pair of single-stranded fluorescent-labeled oligonucleotides. 
The first oligonucleotide probe is labeled at its 3' end with a 
donor fluorophore dye and the second is labeled at its 5' end 
with an acceptor fluorophore dyes. The free 3' hydroxyl group 
of the second probe is blocked with a phosphate group to 
prevent polymerase mediated extension. 
0027. During the annealing step of real-time quantitative 
PCR, the PCR primers and the LightCyclerTM probes hybrid 
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ize to their specific target regions causing the donor dye to 
come into close proximity to the acceptor dye. When the 
donor dye is excited by light, energy is transferred by Fluo 
rescence Resonance Energy Transfer (FRET) from the donor 
to the acceptor dye. The energy transfer causes the acceptor 
dye to emit fluorescence wherein the increase of measured 
fluorescence signal is directly proportional to the amount of 
target DNA. 
0028. Typical reagents (e.g., as might be found in a typical 
MethyLightTM-based kit) for MethyLightTM analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); Taq 
Man(R) and/or LightCyclerTM probes; optimized PCR buffers 
and deoxynucleotides; and Taq polymerase. 
0029 Ms-SNuPE. The Ms-SNuPETM technique is a quan 

titative method for assessing methylation differences at spe 
cific CpG sites based on bisulfite treatment of DNA, followed 
by single-nucleotide primer extension (Gonzalgo & Jones, 
Nucleic Acids Res. 25:2529-2531, 1997). Briefly, genomic 
DNA is reacted with sodium bisulfite to convert unmethylated 
cytosine to uracil while leaving 5-methylcytosine unchanged. 
Amplification of the desired target sequence is then per 
formed using PCR primers specific for bisulfite-converted 
DNA, and the resulting product is isolated and used as a 
template for methylation analysis at the CpG site(s) of inter 
est. Small amounts of DNA can be analyzed (e.g., microdis 
sected pathology sections), and it avoids utilization of restric 
tion enzymes for determining the methylation status at CpG 
sites. 
0030 Typical reagents (e.g., as might be found in a typical 
Ms-SNuPETM-based kit) for Ms-SNuPE analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); opti 
mized PCR buffers and deoxynucleotides; gel extraction kit; 
positive control primers; Ms-SNuPETM primers for specific 
gene; reaction buffer (for the Ms-SNuPETM reaction); and 
radioactive nucleotides. Additionally, bisulfite conversion 
reagents may include: DNA denaturation buffer; sulfonation 
buffer; DNA recovery regents or kit (e.g., precipitation, ultra 
filtration, affinity column); desulfonation buffer; and DNA 
recovery components. 
0031 MSP. MSP (methylation-specific PCR) allows for 
assessing the methylation status of virtually any group of 
CpG sites within a CpG island, independent of the use of 
methylation-sensitive restriction enzymes (Herrnan et al. 
Proc. Natl. Acad. Sci. USA 93:9821-9826, 1996; U.S. Pat. No. 
5,786,146). Briefly, DNA is modified by sodium bisulfite 
converting all unmethylated, but not methylated cytosines to 
uracil, and Subsequently amplified with primers specific for 
methylated versus unmethylated DNA. This technique has 
been described in U.S. Pat. No. 6,265,171 to Herman. The use 
of methylation status specific primers for the amplification of 
bisulfite treated DNA allows the differentiation between 
methylated and unmethylated nucleic acids. MSP primers 
pairs contain at least one primer which hybridizes to a 
bisulfite treated CpG dinucleotide. Therefore, the sequence of 
said primers comprises at least one CpG dinucleotide. MSP 
primers specific for non-methylated DNA contain a “T” at the 
3' position of the C position in the CpG. MSP requires only 
small quantities of DNA, is sensitive to 0.1% methylated 
alleles of a given CpG island locus, and can be performed on 
DNA extracted from paraffin-embedded samples. Typical 
reagents (e.g., as might be found in a typical MSP-based kit) 
for MSP analysis may include, but are not limited to: methy 
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lated and unmethylated PCR primers for specific gene (or 
methylation-altered DNA sequence or CpG island), opti 
mized PCR buffers and deoxynucleotides, and specific 
probes. 
0032. Pronounced need in the art. Therefore, in view of the 
incidence of colon cancer there is a Substantial need in the art 
for the development of molecular markers that could be used 
for the early detection of colorectal cell proliferative disor 
ders, in particular colon cancer. Additionally, there is a pro 
nounced need in the art for the development of molecular 
markers that could be used to provide sensitive, accurate and 
non-invasive methods (as opposed to, e.g., biopsy) for the 
diagnosis, prognosis and treatment of colon cell proliferative 
disorders. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033 FIG. 1 shows the results of the MS-APPCR analysis 
of pooled DNA from normal and adenoma tissues. A hyper 
methylated gene (ALX4) was detected in the adenoma DNA 
(box, arrow). R. RsaI; H. RisaI/HpaII; M. RisaI/MspI. 
0034 FIGS. 2A and 2B show the degree of methylation of 
the ALX4 gene as assessed by MethylightTM assay as out 
lined in examples. The X-axis shows the percentage methy 
lated reference (PMR). Figure A shows ALX4 gene methy 
lation in normal colon mucosa and matched colon cancer, 
Figure B shows ALX4 gene methylation in primary colorectal 
cancers and metastasis. 
0035 FIG. 3 shows bisulfite sequencing. Four cases of 
cancers with a high degree of methylation and their matched 
normal non-malignant colon mucosa tissues were selected 
(inset). ALX4 gene methylation was confirmed by sequenc 
ing of bisulfite treated genomic DNA of samples 1-4. N. 
normal mucosa; T. tumor, numbers 1-4 correspond to cases 
1-4 in the Methylight assay (inset); Methylight assay, indi 
cates the CpG sites that were covered by both the Methylight 
assay and sequencing of the respective DNA fragments. 
0036 FIGS. 4A and 4B show the number of methylated 
genes per primary colorectal cancer (A) and metastasis (B). 
CIMP+ status was defined as 2 or more methylated genes per 
patient. 
0037 FIGS.5A, 5B and 5C show an analysis of methyla 
tion with regard to clinicopathological features of colorectal 
cancers. A. In cancers of the colon and the sigma methylation 
was significantly more frequent than in cancers of the rectum 
only. y axis: number of patients; X axis: number of methylated 
genes B. TPEF methylation was significantly more frequent 
in cancers of the colon and sigma. Number of patients analy 
sed: colon cancer: n=23, sigma cancer: n=13, rectal cancer: 
n=10. One patient with recurrent cancer was not included in 
this analysis. y axis: number of patients: X axis: number of 
methylated genes. C. Cancers without distant metastasis were 
frequently methylated, grey box: no methylation; blackbox: 
methylation of 1 to 7 genes. 

DETAILED DESCRIPTION OF THE INVENTION 

0038. For the purposes of the following invention the sen 
sitivity and specificity refer to values calculated by refer 
ence to a sample set according to that described in the 
EXAMPLES disclosed herein. 

Definitions 

0039. The term “Observed/Expected Ratio” (“O/ERatio’) 
refers to the frequency of CpG dinucleotides within a particu 
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lar DNA sequence, and corresponds to the number of CpG 
sites/(number of C basesxnumber of G bases) xband length 
for each fragment. 
0040. The term “CpG island” refers to a contiguous region 
of genomic DNA that satisfies the criteria of (1) having a 
frequency of CpG dinucleotides corresponding to an 
“Observed/Expected Ratio'>0.6, and (2) having a “GC Con 
tent'>0.5. CpG islands are typically, but not always, between 
about 0.2 to about 1 kb in length. 
0041. The term “methylation state' or “methylation sta 
tus’ refers to the presence or absence of 5-methylcytosine 
(“5-mCyt”) at one or a plurality of CpG dinucleotides within 
a DNA sequence. Methylation states at one or more particular 
palindromic CpG methylation sites (each having two CpG 
CpG dinucleotide sequences) within a DNA sequence 
include “unmethylated,” “fully-methylated and “hemi-me 
thylated.” 
0042. The term “hemi-methylation” or “hemimethyla 
tion” refers to the methylation state of a palindromic CpG 
methylation site, where only a single cytosine in one of the 
two CpG dinucleotide sequences of the palindromic CpG 
methylation site is methylated (e.g., 5'-NCGN-3' (top 
strand): 3'-NGCN-5' (bottom strand)). 
0043. The term “hypermethylation” refers to the average 
methylation state corresponding to an increased presence of 
5-mCyt at one or a plurality of CpG dinucleotides within a 
DNA sequence of a test DNA sample, relative to the amount 
of 5-mCyt found at corresponding CpG dinucleotides within 
a normal control DNA sample. 
0044) The term “hypomethylation” refers to the average 
methylation state corresponding to a decreased presence of 
5-mCyt at one or a plurality of CpG dinucleotides within a 
DNA sequence of a test DNA sample, relative to the amount 
of 5-mCyt found at corresponding CpG dinucleotides within 
a normal control DNA sample. 
0045. The term “microarray” refers broadly to both “DNA 
microarrays.” and DNA chip(s), as recognized in the art, 
encompasses all art-recognized solid Supports, and encom 
passes all methods for affixing nucleic acid molecules thereto 
or synthesis of nucleic acids thereon. “Genetic parameters' 
are mutations and polymorphisms of genes and sequences 
further required for their regulation. To be designated as 
mutations are, in particular, insertions, deletions, point muta 
tions, inversions and polymorphisms and, particularly pre 
ferred, SNPs (single nucleotide polymorphisms). 
0046 “Epigenetic parameters' are, in particular, cytosine 
methylations. Further epigenetic parameters include, for 
example, the acetylation of histones which, however, cannot 
be directly analyzed using the described method but which, in 
turn, correlate with the DNA methylation. 
0047. The term “bisulfite reagent” refers to a reagent com 
prising bisulfite, disulfite, hydrogen sulfite or combinations 
thereof, useful as disclosed herein to distinguish between 
methylated and unmethylated CpG dinucleotide sequences. 
0048. The term “Methylation assay” refers to any assay for 
determining the methylation state of one or more CpG 
dinucleotide sequences within a sequence of DNA. 
0049. The term “MS AP-PCR (Methylation-Sensitive 
Arbitrarily-Primed Polymerase Chain Reaction) refers to the 
art-recognized technology that allows for a global scan of the 
genome using CG-rich primers to focus on the regions most 
likely to contain CpG dinucleotides, and described by Gonza 
lgo et al., Cancer Research 57:594-599, 1997. 
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0050. The term “MethyLight R” refers to the art-recog 
nized fluorescence-based real-time PCR technique described 
by Eads et al., Cancer Res. 59:2302-2306, 1999. 
0051. The term “HeavyMethyTM assay, in the embodi 
ment thereof implemented herein, refers to a HeavyMethyl 
MethylLight(R) assay, which is a variation of the Methyl 
Light(R) assay, wherein the MethylLight(R) assay is combined 
with methylation specific blocking probes covering CpG 
positions between the amplification primers. 
0052. The term “Ms-SNuPE' (Methylation-sensitive 
Single Nucleotide Primer Extension) refers to the art-recog 
nized assay described by Gonzalgo & Jones, Nucleic Acids 
Res. 25:2529-2531, 1997. 
0053. The term “MSP' (Methylation-specific PCR) refers 
to the art-recognized methylation assay described by Herman 
et al. Proc. Natl. Acad. Sci. USA 93:9821-9826, 1996, and by 
U.S. Pat. No. 5,786,146. 
0054) The term “COBRA” (Combined Bisulfite Restric 
tion Analysis) refers to the art-recognized methylation assay 
described by Xiong & Laird, Nucleic Acids Res. 25:2532 
2534, 1997. 
0055. The term “MCA' (Methylated CpG Island Ampli 
fication) refers to the methylation assay described by Toyota 
et al., Cancer Res. 59:23.07-12, 1999, and in WO 
00/26401A1. 
0056. The term “hybridization” is to be understood as a 
bond of an oligonucleotide to a complementary sequence 
along the lines of the Watson-Crick base pairings in the 
sample DNA, forming a duplex structure. 
0057 “Stringent hybridization conditions.” as defined 
herein, involve hybridizing at 68°C. in 5xSSC/5xDenhardt’s 
solution/1.0% SDS, and washing in 0.2xSSC/0.1% SDS at 
room temperature, or involve the art-recognized equivalent 
thereof (e.g., conditions in which a hybridization is carried 
out at 60°C. in 2.5xSSC buffer, followed by several washing 
steps at 37° C. in a low buffer concentration, and remains 
stable). Moderately stringent conditions, as defined herein, 
involve including washing in 3xSSC at 42° C., or the art 
recognized equivalent thereof. The parameters of salt concen 
tration and temperature can be varied to achieve the optimal 
level of identity between the probe and the target nucleic acid. 
Guidance regarding Such conditions is available in the art, for 
example, by Sambrook et al., 1989, Molecular Cloning. A 
Laboratory Manual, Cold Spring Harbor Press, N.Y.; and 
Ausubel et al. (eds.), 1995, Current Protocols in Molecular 
Biology, (John Wiley & Sons, N.Y.) at Unit 2.10. 
0058. The term primary when used in reference to cancer 
or other cell proliferative disorder shall be taken to mean the 
first to develop. 
0059. The term metastasis as used herein shall be taken 
to mean the transfer of a disease-producing agent (Such as 
bacteria, cancer or other cell proliferative disorder cells) from 
an original site of disease to another part of the body with 
development of a similar lesion in the new location. 

Overview: 

0060. Despite intensive efforts to improve screening and 
early detection of colon cell proliferative disorders, most 
cases are diagnosed in an advanced Stage with regional or 
distant metastasis which are associated with poor Survival. 
The herein described invention discloses epigenetic markers 
that have novel utility for the analysis of colon cell prolifera 
tive disorders, combined with sensitive assay methods for the 
improved detection of said disorders. The invention presents 
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improvements over the state of the art in that it provides a 
means for the detection of colon cell proliferative disorders 
by analysis of a gene panel, with a high sensitivity and speci 
ficity. The invention presents further improvements in that the 
gene panel consists of at least one of seven genes and/or 
their regulatory sequences, thereby enabling a highly sensi 
tive and specific but time and cost effective analysis. The 
invention further discloses particularly preferred combina 
tions of said seven genes. 
0061. In one aspect, the present invention provides for the 
improved detection of colorectal carcinomas by determina 
tion of the methylation status of CpG dinucleotide sequences 
of the gene ALX4 and/or its regulatory sequences. In a further 
aspect the invention provides a further preferred means for the 
detection of colorectal carcinomas by determination of the 
methylation status of CpG dinucleotide sequences of the gene 
ALX4 and at least one gene selected from the group consist 
ing TPEF, p16/INK4A, APC, caveolin-2, DAPK and TIMP3 
and/or their regulatory sequences. 
0062. In one aspect, the present invention provides for the 
use of the bisulfite technique, in combination with one or 
more methylation assays, for determination of the methyla 
tion status of CpG dinucleotide sequences of at least two 
genes taken from the group consisting ALX4, TPEF, p16/ 
INK4A, APC, caveolin-2, DAPK and TIMP3 and/or their 
regulatory sequences. It is particularly preferred that one of 
the genes is ALX4. According to the present invention, deter 
mination of the methylation status of CpG dinucleotide 
sequences within at least two members of said group of genes 
has diagnostic and prognostic utility. It is a further aspect of 
the invention that the analysed genomic sequences of the 
group consisting the group consisting ALX4, TPEF, p16/ 
INK4A, APC, caveolin-2, DAPK and TIMP3 and/or their 
regulatory sequences are selected from the sequence listing 
(see Table 2). 
0063. In a further aspect the present invention provides a 
selection of genes consisting ALX4, TPEF and p16. Two or 
more of these genes are analysed in the form of a gene panel. 
It is particularly preferred that one of the genes is ALX4. It is 
a further aspect of the invention that the analysed genomic 
sequences are selected from the group consisting of ALX4, 
TPEF and p16 and/or their regulatory sequences are selected 
from the sequence listing (see Table 2). 
0064 Particular embodiments of the present invention 
provide a novel application of the analysis of methylation 
levels and/or patterns within said sequences that enables a 
precise detection, classification, treatment and overall prog 
nosis of colon cell proliferative disorders. Early detection of 
colon cell proliferative disorders is directly linked with dis 
ease prognosis, and the disclosed method thereby enables the 
physician and patient to make better and more informed treat 
ment decisions. 

More Particularly: 
0065. The present invention provides improved means for 
the detection of colorectal cell proliferative disorders. This 
aim is achieved by the analysis of the CpG methylation status 
of genes selected from the group consisting ALX4, TPEF, 
p16/INK4A, APC, caveolin-2, DAPK and TIMP3 and/or 
their regulatory sequences. 
0066. In a further aspect, the present invention achieves 
said goal by analysis of the methylation status of at least one 
CpG position of the gene ALX4 and/or its regulatory 
sequences. In a further aspect the aim of the invention is 
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achieved by the methylation analysis of said gene, ALX4 
and/or its regulatory sequences and one or more genes 
selected from the group consisting TPEF, p16/INK4A, APC, 
caveolin-2, DAPK and TIMP3 and/or their regulatory 
Sequences. 

0067. The present invention is further based upon the 
analysis of methylation levels within two or more genes taken 
from the group consisting of ALX4, TPEF, p16/INK4A, APC, 
caveolin-2, DAPK and TIMP3 and/or their regulatory 
Sequences. 

0068 Accordingly, the invention also disclose the 
genomic sequences of said genes in SEQID NO: 1 TO SEQ 
ID NO:4AND SEQID NO:45 TO SEQID NO:47, according 
to table 2. 

0069. Additional embodiments provide modified variants 
of SEQID NOS:1 to SEQID NO.4 and SEQID NOS:45 to 
SEQ ID NO:47, as well as oligonucleotides and/or PNA 
oligomers for analysis of cytosine methylation patterns 
within SEQID NO:1 to SEQID NO.4 and SEQID NO:45 to 
SEQID NO:47. 
0070 According to the present invention hypermethyla 
tion of the genes ALX4, TPEF, p16/INK4A, APC, caveolin-2, 
DAPK and TIMP3 and/or their regulatory sequences is cor 
related with varying degrees of probability to the presence of 
colon cell proliferative disorders, and or metastases thereof. 
The present invention discloses the analysis of methylation 
within said genes and/or their regulatory sequences in the 
form of a panel enabling the improved detection, classifica 
tion, treatment and overall prognosis of colon cell prolifera 
tive disorders. Aberrant methylation of the genes TPEF, p16/ 
INK4A, APC, caveolin-2, DAPK and TIMP3 have to date 
been associated with the development of colorectal cell pro 
liferative disorders. The present invention provides specific 
combinations of these genes which were determined to be 
particularly useful for the detection of colorectal cell prolif 
erative disorders as measured by sensitivity and specificity of 
detection. Furthermore the invention provides CpG methyla 
tion analysis of the gene ALX4, with specific and novel utility 
for the detection of colorectal cell proliferative disorders. 
Methylation analysis of this gene is herein shown to have the 
Surprising effect of being a highly sensitive and specific col 
orectal cancer detection marker. Furthermore the sensitivity 
and specificity of this detection is improved by a combined 
analysis of the gene ALX4 and one or more genes selected 
from the group consisting of TPEF, p16/INK4A, APC, caveo 
lin-2, DAPK and TIMP3. 
0071. Wherein the object of the analysis is the detection of 
colon cell proliferative disorders it is particularly preferred 
that the methylation of two or more genes selected from the 
group consisting of ALX4, TPEF, p16/INK4A, APC, caveo 
lin-2, DAPK and TIMP3 and/or their regulatory sequences 
are analysed. It is particularly preferred that said genes are 
selected from the group consisting of ALX4, TPEF and p16 
and/or their regulatory sequences are analysed. It is further 
preferred that the methylation of all of the genes of the group 
consisting ALX4, TPEF and p16 and/or their regulatory 
sequences are analysed. In an alternative embodiment the 
methylation of the gene ALX4 only is analysed. In a further 
preferred alternative embodiment the CpG methylation status 
of the gene ALX4 and/or its regulatory sequences and one or 
more genes selected from the group consisting of TPEF, 
p16/INK4A, APC, caveolin-2, DAPK and TIMP3 and/or 
their regulatory sequences are analysed. 
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0072 An objective of the invention comprises analysis of 
the methylation state of two or more CpG dinucleotides 
within at least two of the genomic sequences selected from 
the group consisting of SEQID NOS: 1 to SEQID NO.4 and 
SEQID NOS: 45 to SEQID NO.47 and sequences comple 
mentary thereto. 
0073. It is preferred that the methylation of two or more 
sequences selected from the group consisting SEQID NOS: 
2, 3 and 4 are analysed. In this embodiment of the invention it 
is particularly preferred that the methylation of all of the 
sequences of the group consisting SEQID NOS: 2,3 and 4 are 
analysed. 
0074. In an alternative embodiment the methylation status 
of at least one CpG position of SEQID NO: 2 only is analy 
sed. In a further preferred alternative embodiment the CpG 
methylation status of SEQ ID NO: 2 and one or more 
sequences selected from the group consisting SEQID NOS:1. 
3, 4 and SEQID NOS:45 to SEQ ID NO:47 and sequences 
complementary thereto are analysed. In a further preferred 
alternative embodiment the CpG methylation status of SEQ 
ID NO:2 and one or more sequences selected from the group 
consisting SEQID NOS: 1, 3 and 4 and sequences comple 
mentary thereto are analysed. 
0075. The disclosed invention provides treated nucleic 
acids, derived from genomic SEQID NOS:1 to SEQID NO:4 
and SEQ ID NOS:45 to SEQ ID NO:47, wherein the treat 
ment is suitable to convert at least one unmethylated cytosine 
base of the genomic DNA sequence to uracil or another base 
that is detectably dissimilar to cytosine interms of hybridiza 
tion. The genomic sequences in question may comprise one, 
or more, consecutive or random methylated CpG positions. 
Said treatment preferrably comprises use of a reagent 
selected from the group consisting of bisulfite, hydrogen 
sulfite, disulfite, and combinations thereof. In a preferred 
embodiment of the invention, the objective comprises analy 
sis of at least two modified nucleic acid comprising a 
sequence of at least 16 contiguous nucleotide bases in length 
of a sequence selected from the group consisting of SEQID 
NO:5 TOSEQID NO:20 & SEQIDNO:48 TOSEQID NO: 
59, wherein said sequence comprises at least one CpG, TpA 
or CpA dinucleotide and sequences complementary thereto. 
The sequences of SEQID NOS: 7 to SEQID NO:12 and SEQ 
ID NOS:15 to SEQID NO:20 provide modified versions of 
the nucleic acid according to SEQ ID NOS:2 to SEQ ID 
NO:4, wherein the modification of each genomic sequence 
results in the synthesis of a nucleic acid having a sequence 
that is unique and distinct from said genomic sequence as 
follows. For each sense strand genomic DNA, e.g., SEQ ID 
NO:1, four converted versions are disclosed. A first version 
wherein “C” is converted to “T” but “CpG” remains “CpG” 
(i.e., corresponds to case where, for the genomic sequence, all 
“C” residues of CpG dinucleotide sequences are methylated 
and are thus not converted); a second version discloses the 
complement of the disclosed genomic DNA sequence (i.e. 
antisense strand), wherein “C” is converted to “T” but “CpG” 
remains “CpG” (i.e., corresponds to case where, for all “C” 
residues of CpG dinucleotide sequences are methylated and 
are thus not converted). The upmethylated converted 
sequences of SEQ ID NOS:1 to SEQ ID NO.4 and SEQ ID 
NOS:45 to SEQID NO.47 correspond to SEQ ID NOS:5 to 
SEQID NO:12 and SEQID NOS:48 to SEQID NO:53 (see 
TABLE 2). A third chemically converted version of each 
genomic sequences is provided, wherein “C” is converted to 
“T” for all “C” residues, including those of “CpG” dinucle 
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otide sequences (i.e., corresponds to case where, for the 
genomic sequences, all “C” residues of CpG dinucleotide 
sequences are unmethylated); a final chemically converted 
version of each sequence, discloses the complement of the 
disclosed genomic DNA sequence (i.e. antisense Strand), 
wherein “C” is converted to “T” for all “C” residues, includ 
ing those of “CpG” dinucleotide sequences (i.e., corresponds 
to case where, for the complement (antisense strand) of each 
genomic sequence, all “C” residues of CpG dinucleotide 
sequences are umethylated). The down methylated con 
verted sequences of SEQ ID NOS: 1 to SEQ ID NO.4 and 
SEQID NOS:45 to SEQ ID NO.47 correspond to SEQ ID 
NOS:13 to SEQ ID NO:20 and SEQ ID NOS:54 to SEQID 
NO:59. 

(0076 Particularly useful for the detection of colon cell 
proliferative disorders, and heretofore undisclosed are the 
non-naturally occurring sequences according to SEQ ID 
NOS:7, 8, 15 and 16, which correspond to methylation-spe 
cific converted sequences of part of the gene ALX4 (SEQID 
NO:2). 
0077. In an alternative preferred embodiment, such analy 
sis comprises the use of an oligonucleotide or oligomer for 
detecting the cytosine methylation state within genomic or 
pretreated (chemically modified) DNA, according to SEQID 
NOS:1 to SEQ ID NO.4 and SEQ ID NOS:48 to SEQ ID 
NO:59. Said oligonucleotide or oligomer comprising a 
nucleic acid sequence having a length of at least nine (9) 
nucleotides which hybridizes, under moderately stringent or 
stringent conditions (as defined herein above), to a pretreated 
nucleic acid sequence according to SEQID NOS:5 to SEQID 
NO:20 & SEQ ID NOS:48 to SEQ ID NO:59 and/or 
sequences complementary thereto, or to a genomic sequence 
according to SEQ ID NOS:1 to SEQ ID NO.4 and SEQ ID 
NOS:45 to SEQID NO.47 and/or sequences complementary 
thereto. 

0078 Thus, the present invention includes nucleic acid 
molecules (e.g., oligonucleotides and peptide nucleic acid 
(PNA) molecules (PNA-oligomers)) that hybridize under 
moderately stringent and/or stringent hybridization condi 
tions to all or a portion of the sequences SEQ ID NOS:1 to 
SEQ ID NO:20, or to the complements thereof. The hybrid 
izing portion of the hybridizing nucleic acids is typically at 
least 9, 15, 20, 25, 30 or 35 nucleotides in length. However, 
longer molecules have inventive utility, and are thus within 
the scope of the present invention. 
(0079 Preferably, the hybridizing portion of the inventive 
hybridizing nucleic acids is at least 95%, or at least 98%, or 
100% identical to the sequence, or to a portion thereof of SEQ 
ID NOS:1 to SEQID NO:20, or to the complements thereof. 
0080 Hybridizing nucleic acids of the type described 
herein can be used, for example, as a primer (e.g., a PCR 
primer), or a diagnostic and/or prognostic probe or primer. 
Preferably, hybridization of the oligonucleotide probe to a 
nucleic acid sample is performed under Stringent conditions 
and the probe is 100% identical to the target sequence. 
Nucleic acid duplex or hybrid stability is expressed as the 
melting temperature or Tm, which is the temperature at which 
a probe dissociates from a target DNA. This melting tempera 
ture is used to define the required stringency conditions. 
I0081 For target sequences that are related and substan 
tially identical to the corresponding sequence of SEQ ID 
NOS:1 to SEQ ID NO.4 and SEQ ID NOS:45 to SEQ ID 
NO:47 (such as allelic variants and SNPS), rather than iden 
tical, it is useful to first establish the lowest temperature at 
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which only homologous hybridization occurs with a particu 
lar concentration of salt (e.g., SSC or SSPE). Then, assuming 
that 1% mismatching results in a 1° C. decrease in the Tm, the 
temperature of the final wash in the hybridization reaction is 
reduced accordingly (for example, if sequences having >95% 
identity with the probe are sought, the final wash temperature 
is decreased by 5° C.). In practice, the change in Tm can be 
between 0.5° C. and 1.5° C. per 1% mismatch. 
0082 Examples of inventive oligonucleotides of length X 
(in nucleotides), as indicated by polynucleotide positions 
with reference to, e.g., SEQ ID NO: 1, include those corre 
sponding to sets (sense and antisense sets) of consecutively 
overlapping oligonucleotides of length X, where the oligo 
nucleotides within each consecutively overlapping set (cor 
responding to a given X value) are defined as the finite set of 
Z oligonucleotides from nucleotide positions: 

I0083 nto (n+(X-1)); 
I0084 where n=1, 2, 3, ... (Y-CX-1)); 
I0085 where Y equals the length (nucleotides or base 

pairs); 
I0086 where X equals the common length (in nucle 

otides) of each oligonucleotide in the set (e.g., X-20 for 
a set of consecutively overlapping 20-mers); and where 
the number (Z) of consecutively overlapping oligomers 
of length X for a given SEQID NO of length Y is equal 
to Y-CX-1). 

0087 Preferably, the set is limited to those oligomers that 
comprise at least one CpG TpG or CpA dinucleotide. 
0088. Examples of inventive 20-mer oligonucleotides 
within a sequence of length 2470 base pairs include the fol 
lowing set of 2470 oligomers (and the antisense set comple 
mentary thereto), indicated by polynucleotide positions 1-20, 
2-21, 3-22, 4-23, 5-24. . . 2451-2470. 
0089 Preferably, the set is limited to those oligomers that 
comprise at least one CpG, TpG or Cp A dinucleotide. 
0090 The present invention encompasses, for each of 
SEQID NO: 1 to SEQID NO:20 and SEQID NO:45 to SEQ 
ID NO. 59 (sense and antisense), multiple consecutively 
overlapping sets of oligonucleotides or modified oligonucle 
otides of length X, where, e.g., X=9, 10, 17, 20, 22, 23, 25, 27. 
30 or 35 nucleotides. 
0091. The oligonucleotides or oligomers according to the 
present invention constitute effective tools useful to ascertain 
genetic and epigenetic parameters of the genomic sequence 
corresponding to SEQID NOS:1 to SEQID NO.4 and SEQ 
ID NOS:45 to SEQ ID NO 47. Preferred sets of such oligo 
nucleotides or modified oligonucleotides of length X are 
those consecutively overlapping sets of oligomers corre 
sponding to SEQ ID NO:1 to SEQ ID NO:20 (and to the 
complements thereof). Preferably, said oligomers comprise at 
least one CpG, TpG or CpA dinucleotide. 
0092 Particularly preferred oligonucleotides or oligo 
mers according to the present invention are those in which the 
cytosine of the CpG dinucleotide (or of the corresponding 
converted TpG or Cp A dinculeotide) sequences is within the 
middle third of the oligonucleotide; that is, where the oligo 
nucleotide is, for example, 13 bases in length, the CpG, TpG 
or CpA dinucleotide is positioned within the fifth to ninth 
nucleotide from the 5'-end. 
0093. The oligonucleotides of the invention can also be 
modified by chemically linking the oligonucleotide to one or 
more moieties or conjugates to enhance the activity, stability 
or detection of the oligonucleotide. Such moieties or conju 
gates include chromophores, fluorophors, lipids such as cho 
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lesterol, cholic acid, thioether, aliphatic chains, phospholip 
ids, polyamines, polyethylene glycol (PEG), palmityl 
moieties, and others as disclosed in, for example, U.S. Pat. 
Nos. 5,514,758, 5,565,552, 5,567,810, 5,574,142, 5,585,481, 
5,587,371, 5,597.696 and 5,958,773. The probes may also 
exist in the form of a PNA (peptide nucleic acid) which has 
particularly p referred pairing properties. Thus, the oligo 
nucleotide may include other appended groups such as pep 
tides, and may include hybridization-triggered cleavage 
agents (Krol et al., BioTechniques 6:958-976, 1988) or inter 
calating agents (Zon, Pharm. Res. 5:539-549, 1988). To this 
end, the oligonucleotide may be conjugated to another mol 
ecule, e.g., a chromophore, fluorophor, peptide, hybridiza 
tion-triggered cross-linking agent, transportagent, hybridiza 
tion-triggered cleavage agent, etc. 
0094. The oligonucleotide may also comprise at least one 
art-recognized modified Sugar and/or base moiety, or may 
comprise a modifiedbackbone or non-natural internucleoside 
linkage. 
0.095 The oligonucleotides or oligomers according to par 
ticular embodiments of the present invention are typically 
used in sets, which contain at least one oligomerfor analysis 
of each of the CpG dinucleotides of genomic sequence SEQ 
ID NO: 2 to SEQ ID NO. 4 and sequences complementary 
thereto, or to the corresponding CpG, TpG or Cp A dinucle 
otide within a sequence of the pretreated nucleic acids 
according to SEQID NOS:7 to SEQID NO:12 and SEQID 
NOS:15 to SEQ ID NO:20 and sequences complementary 
thereto. In a further preferred embodiment the set comprises 
contain at least one oligomer for analysis of each of the CpG 
dinucleotides of genomic sequence SEQ ID NO:2 and 
sequences complementary thereto, or to the corresponding 
CpG, TpG or CpA dinucleotide within a sequence of the 
pretreated nucleic acids according to SEQID NOS: 7, 8, 15 
and 16. 
0096. However, it is anticipated that for economic or other 
factors it may be preferable to analyze a limited selection of 
the CpG dinucleotides within said sequences, and the content 
of the set of oligonucleotides is altered accordingly. 
0097. Therefore, in particular embodiments, the present 
invention provides a set of at least two (2) (oligonucleotides 
and/or PNA-oligomers) useful for detecting the cytosine 
methylation state in pretreated genomic DNA of at least two 
genes selected from ALX4, TPEF and p16 (SEQID NOS:7 to 
SEQID NO:12 and SEQID NOS:15 to SEQID NO:20), or in 
genomic DNA (SEQ ID NOS:2 to SEQ ID NO.4 and 
sequences complementary thereto). In a further preferred 
embodiment the set comprises at least two oligonucleotides 
for the analysis of CpG positions within one or more of SEQ 
ID NOS:7, 8, 15 and 16. 
0098. These probes enable diagnosis, classification and/or 
therapy of genetic and epigenetic parameters of colon cell 
proliferative disorders. The set of oligomers may also be used 
for detecting single nucleotide polymorphisms (SNPs) in pre 
treated genomic DNA (SEQID NOS:7 to SEQID NO:12 and 
SEQ ID NOS:15 to SEQ ID NO:20), or in genomic DNA 
(SEQID NOS:2 to SEQID NO:4 and sequences complemen 
tary thereto). 
0099. In preferred embodiments, at least one, and more 
preferably all members of a set of oligonucleotides is bound 
to a solid phase. 
0100. In further embodiments, the present invention pro 
vides a set of at least two (2) oligonucleotides that are used as 
primer oligonucleotides for amplifying DNA sequences of 
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one of SEQID NOS:5 to SEQID NO:20 and SEQID NOS:48 
to SEQID NO:49 and sequences complementary thereto, or 
segments thereof. 
0101. It is anticipated that the oligonucleotides may con 
stitute all or part of an “array' or “DNA chip' (i.e., an arrange 
ment of different oligonucleotides and/or PNA-oligomers 
bound to a solid phase). Such an array of different oligonucle 
otide-and/or PNA-oligomer sequences can be characterized, 
for example, in that it is arranged on the Solid phase in the 
form of a rectangular or hexagonal lattice. The Solid-phase 
Surface may be composed of silicon, glass, polystyrene, alu 
minum, Steel, iron, copper, nickel, silver, or gold. Nitrocellu 
lose as well as plastics such as nylon, which can exist in the 
form of pellets or also as resin matrices, may also be used. An 
overview of the Prior Art in oligomer array manufacturing can 
be gathered from a special edition of Nature Genetics (Nature 
Genetics Supplement, Volume 21, January 1999, and from the 
literature cited therein). Fluorescently labeled probes are 
often used for the scanning of immobilized DNA arrays. The 
simple attachment of Cy3 and Cy5 dyes to the 5'-OH of the 
specific probe are particularly suitable for fluorescence 
labels. The detection of the fluorescence of the hybridized 
probes may be carried out, for example, via a confocal micro 
Scope. Cy3 and Cy5 dyes, besides many others, are commer 
cially available. 
0102. It is particularly preferred that the oligomers accord 
ing to the invention are utilised for the detection of colorectal 
carcinoma. 

(0103) The present invention further provides a method for 
ascertaining genetic and/or epigenetic parameters of the 
genes ALX4, TPEF, p16, APC, TIMP3, Dapk and Caveolin 2 
and/or their regulatory sequences within a Subject by analyZ 
ing cytosine methylation and single nucleotide polymor 
phisms. 
0104. It is preferred that the methylation of two or more 
genes selected from the group consisting of the genes ALX4, 
TPEF, p16, APC, TIMP3, Dapk and Caveolin 2 and/or their 
regulatory sequences are analysed. In this embodiment of the 
invention it is particularly preferred that the methylation of all 
of the genes of the group consisting ALX4, TPEF and p16 
and/or their regulatory sequences are analysed. 
0105. In a further embodiment of the method it is preferred 
that only the methylation status of the gene ALX4 and/or its 
regulatory sequences is analysed. In a further preferred 
embodiment the methylation status of the gene ALX4 and/or 
its regulatory sequences and one or more of the group con 
sisting TPEF, p16, APC, TIMP3, Dapkand Caveolin 2 and/or 
their regulatory sequences are analysed. In a further preferred 
embodiment the methylation status of the gene ALX4 and/or 
its regulatory sequences and one or both of the group consist 
ing TPEF and p16 and/or their regulatory sequences are 
analysed. 
0106. Accordingly, it is preferred that the methylation of 
two or more genetic sequences selected from the group con 
sisting SEQ ID NOS: 2.3 and 4 and/or their regulatory 
sequences are analysed. In this embodiment of the invention 
it is particularly preferred that the methylation of all of the 
genes of the group consisting SEQID NOs: 2.3 & 4 and/or 
their regulatory sequences are analysed. 
0107. In a further embodiment of the method it is preferred 
that only the methylation status of SEQID 2 is analysed. In a 
further preferred embodiment the methylation status of SEQ 
ID2 and one or more of the group consisting SEQID NOS: 3, 
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4, 45-47 are analysed. In a further preferred embodiment the 
methylation status of SEQID NO:2 and one or both of SEQ 
ID NOS:3 and 4 are analysed. 
0.108 Said method comprising contacting a nucleic acid 
comprising one or more of SEQID NOS:1 to SEQID NO:4 
and SEQID NOS:45 to SEQID NO.47 in a biological sample 
obtained from said subject with at least one reagent or a series 
of reagents, wherein said reagent or series of reagents, distin 
guishes between methylated and non-methylated CpG 
dinucleotides within the target nucleic acid. 
0109. It is preferred that the methylation of two or more 
genetic sequences select analysed. In this embodiment of the 
invention it is particularly preferred that the methylation of all 
of the genes of the group consisting SEQID NOS:2, 3 and 4 
and/or their regulatory sequences are analysed. 
0110. In a further embodiment of the method it is preferred 
that only the methylation status of SEQID 2 is analysed. In a 
further preferred embodiment the methylation status of SEQ 
ID NO:2 and one or more of the group consisting SEQ ID 
NOs:3, 4 45-47 are analysed. In a further preferred embodi 
ment the methylation status of SEQID NO:2 and one or both 
of SEQID NOS:3 and 4 are analysed. 
0111 Said method comprising contacting a nucleic acid 
comprising the appropriate gene(s) and/or one or more of 
SEQID NOS:1 to SEQID NO.4 and SEQID NOS:45 to SEQ 
ID NO:47 in a biological sample obtained from said subject 
with at least one reagent or a series of reagents, wherein said 
reagent or series of reagents, distinguishes between methy 
lated and non-methylated CpG dinucleotides within the target 
nucleic acid. 
0112 Preferably, said method comprises the following 
steps: In the first step, a sample of the tissue to be analysed is 
obtained. The Source may be any suitable source. Such as cell 
lines, histological slides, biopsies, tissue embedded in paraf 
fin, bodily fluids, stool, blood and all possible combinations 
thereof. Genomic DNA is then isolated from said biological 
sample, this may be by any means standard in the art, includ 
ing the use of commercially available kits. Briefly, wherein 
the DNA of interest is encapsulated in by a cellular membrane 
the biological sample must be disrupted and lysed by enzy 
matic, chemical or mechanical means. The DNA solution 
may then be cleared of proteins and other contaminants, e.g., 
by digestion with proteinase K. The genomic DNA is then 
recovered from the solution. This may be carried out by 
means of a variety of methods including salting out, organic 
extraction orbinding of the DNA to a solid phase support. The 
choice of method will be affected by several factors including 
time, expense and required quantity of DNA. 
0113. Once the nucleic acids have been extracted, the 
genomic double stranded DNA is used in the analysis. 
0114. In the second step of the method, the genomic DNA 
sample is treated in Such a manner that cytosine bases which 
are unmethylated at the 5'-position are converted to uracil, 
thymine, or another base which is dissimilar to cytosine in 
terms of hybridization behavior. This will be understood as 
pretreatment herein. 
0115 The above described treatment of genomic DNA is 
preferably carried out with bisulfite (hydrogen sulfite, dis 
ulfite) and Subsequent alkaline hydrolysis which results in a 
conversion of non-methylated cytosine nucleobases to uracil 
or to another base which is dissimilar to cytosine in terms of 
base pairing behavior. 
0116. In the third step of the method, fragments of the 
pretreated DNA are amplified, using sets of primer oligo 



US 2009/0047666 A1 

nucleotides according to the present invention, and an ampli 
fication enzyme. The amplification of several DNA segments 
can be carried out simultaneously in one and the same reac 
tion vessel. Typically, the amplification is carried out using a 
polymerase chain reaction (PCR). The set of primer oligo 
nucleotides includes at least two oligonucleotides whose 
sequences are each reverse complementary, identical, or 
hybridize under stringent or highly stringent conditions to an 
at least 16-base-pair long segment of the base sequences of 
one or more of SEQID NOS:7 to SEQID NO:12 and SEQID 
NOS:15 to SEQ ID NO:20 and sequences complementary 
thereto. 
0117. It is preferred that said set of primer oligonucle 
otides includes at least two oligonucleotides whose 
sequences are each reverse complementary, identical, or 
hybridize under stringent or highly stringent conditions to an 
at least 16-base-pair long segment of the base sequences of 
one or more of SEQID NOS:7-12 and 15-20. In this embodi 
ment of the invention it is particularly preferred that said set 
consists of at least two oligonucleotides whose sequences are 
each reverse complementary, identical, or hybridize under 
stringent or highly stringent conditions to an at least 16-base 
pair long segment of the base sequences of SEQID NOS:5-20 
and 48-59. 
0118. It is also preferred that said set of primer oligonucle 
otides includes at least two oligonucleotides whose 
sequences are each reverse complementary, identical, or 
hybridize under stringent or highly stringent conditions to an 
at least 16-base-pair long segment of the base sequences of 
one or more of SEQID NOS:7-12 and 15-20. 
0119. It is also preferred that said set of primer oligonucle 
otides includes at least two oligonucleotides whose 
sequences are each reverse complementary, identical, or 
hybridize under stringent or highly stringent conditions to an 
at least 16-base-pair long segment of the base sequences of at 
least one of SEQID NOS:7, 8, 15 or 16. It is also preferred 
that said set of primer oligonucleotides includes at least two 
oligonucleotides whose sequences are each reverse comple 
mentary, identical, or hybridize under stringent or highly 
stringent conditions to an at least 16-base-pair long segment 
of the base sequences of at least one of SEQID NOS:7, 8, 15 
or 16, and a further pair of oligonucleotides whose sequences 
are each reverse complementary, identical, or hybridize under 
stringent or highly stringent conditions to an at least 16-base 
pair long segment of the base sequences of at least one of SEQ 
ID NOS:9-12 and 17-20. 

0120 In an alternate embodiment of the method, the 
methylation status of preselected CpG positions within the 
nucleic acid sequences comprising one or more of SEQ ID 
NOS:1 to SEQ ID NO.4 and SEQ ID NOS:45 to SEQ ID 
NO:47 may be detected by use of methylation-specific primer 
oligonucleotides. This technique (MSP) has been described 
in U.S. Pat. No. 6,265,171 to Herman. The use of methylation 
status specific primers for the amplification of bisulfite 
treated DNA allows the differentiation between methylated 
and unmethylated nucleic acids. MSP primers pairs contain at 
least one primer which hybridizes to a bisulfite treated CpG 
dinucleotide. Therefore, the sequence of said primers com 
prises at least one CpG dinucleotide. MSP primers specific 
for non-methylated DNA contain a “T” at the 3' position of 
the C position in the CpG Preferably, therefore, the base 
sequence of said primers is required to comprise a sequence 
having a length of at least 9 nucleotides which hybridizes to a 
pretreated nucleic acid sequence according to one of SEQID 
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NOS:5 to SEQ ID NO:20 and SEQID NOS:48 to SEQ ID 
NO:59 and sequences complementary thereto, wherein the 
base sequence of said oligomers comprises at least one CpG 
dinucleotide. 
I0121. It is preferred that said set of MSP primer oligo 
nucleotides includes at least two oligonucleotides whose 
sequences comprise a sequence having a length of at least 9 
nucleotides which hybridizes to a pretreated nucleic acid 
sequence according to one or more of SEQ ID NOS:7-12. 
15-20 and 49-59. 
I0122. In this embodiment of the invention it is particularly 
preferred that said set consists of at least two MSP primer 
oligonucleotides whose sequences are each reverse comple 
mentary, identical, or hybridize under stringent or highly 
stringent conditions to an at least 16-base-pair long segment 
of the base sequences of SEQID NOS:7-12 and 15-20. 
I0123. In a further embodiment of the invention it is par 
ticularly preferred that said set consists of at least two MSP 
primer oligonucleotides whose sequences are each reverse 
complementary, identical, or hybridize under stringent or 
highly stringent conditions to an at least 16-base-pair long 
segment of at least one of the base sequences of SEQ ID 
NOS:7, 8, 15 and 16. In a further preferred embodiment of 
this method it is preferred that said set consists of at least two 
MSP primer oligonucleotides whose sequences are each 
reverse complementary, identical, or hybridize under strin 
gent or highly stringent conditions to an at least 16-base-pair 
long segment of at least one of the base sequences of SEQID 
NOS:7, 8, 15 and 16 and one or more sequences taken from 
the group consisting SEQID NOS:9-12, 17-20 and 48-59. 
0.124. A further preferred embodiment of the method com 
prises the use of blocker oligonucleotides. The use of such 
blocker oligonucleotides has been described by Yu et al., 
BioTechniques 23:714-720, 1997. Blocking probe oligo 
nucleotides are hybridized to the bisulfite treated nucleic acid 
concurrently with the PCR primers. PCR amplification of the 
nucleic acid is terminated at the 5' position of the blocking 
probe, Such that amplification of a nucleic acid is Suppressed 
where the complementary sequence to the blocking probe is 
present. The probes may be designed to hybridize to the 
bisulfite treated nucleic acid in a methylation status specific 
manner. For example, for detection of methylated nucleic 
acids within a population of unmethylated nucleic acids, Sup 
pression of the amplification of nucleic acids which are unm 
ethylated at the position in question would be carried out by 
the use of blocking probes comprising a Cp A or Tp A at the 
position in question, as opposed to a CpG if the Suppression 
of amplification of methylated nucleic acids is desired. 
0.125 For PCR methods using blocker oligonucleotides, 
efficient disruption of polymerase-mediated amplification 
requires that blocker oligonucleotides not be elongated by the 
polymerase. Preferably, this is achieved through the use of 
blockers that are 3'-deoxyoligonucleotides, or oligonucle 
otides derivitized at the 3' position with other than a “free” 
hydroxyl group. For example, 3'-O-acetyl oligonucleotides 
are representative of a preferred class of blocker molecule. 
0.126 Additionally, polymerase-mediated decomposition 
of the blocker oligonucleotides should be precluded. Prefer 
ably, such preclusion comprises either use of a polymerase 
lacking 5'-3' exonuclease activity, or use of modified blocker 
oligonucleotides having, for example, thioate bridges at the 
5'-terminiithereofthat render the blocker molecule nuclease 
resistant. Particular applications may not require Such 5' 
modifications of the blocker. For example, if the blocker- and 
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primer-binding sites overlap, thereby precluding binding of 
the primer (e.g., with excess blocker), degradation of the 
blocker oligonucleotide will be substantially precluded. This 
is because the polymerase will not extend the primer toward, 
and through (in the 5'-3' direction) the blocker—a process that 
normally results in degradation of the hybridized blocker 
oligonucleotide. 
0127. A particularly preferred blocker/PCR embodiment, 
for purposes of the present invention and as implemented 
herein, comprises the use of peptide nucleic acid (PNA) oli 
gomers as blocking oligonucleotides. Such PNA blocker oli 
gomers are ideally Suited, because they are neither decom 
posed nor extended by the polymerase. 
0128 Preferably, therefore, the base sequence of said 
blocking oligonucleotides is required to comprise a sequence 
having a length of at least 9 nucleotides which hybridizes to a 
pretreated nucleic acid sequence according to one of SEQID 
NOS:5 to SEQ ID NO:20 and SEQID NOS:48 to SEQ ID 
NO:59 and sequences complementary thereto, wherein the 
base sequence of said oligonucleotides comprises at least one 
CpG TpG or Cp A dinucleotide. 
0129. It is preferred that said set of blocking oligonucle 
otides includes at least two oligonucleotides whose 
sequences comprise a sequence having a length of at least 9 
nucleotides which hybridizes to a pretreated nucleic acid 
sequence according to one or more of SEQID NOS:7-12 and 
15-20. In this embodiment of the invention it is particularly 
preferred that said set consists of at least one blocker oligo 
nucleotides whose sequences are each reverse complemen 
tary, identical, or hybridize under Stringent or highly stringent 
conditions to an at least 9-base-pair long segment of the base 
sequences of each of SEQID NOS:7-12 and 15-20. 
0130. In a further embodiment it is preferred that said set 
of blocking oligonucleotides includes at least two oligonucle 
otides whose sequences comprise a sequence having a length 
of at least 9 nucleotides which hybridizes to a pretreated 
nucleic acid sequence according to one or more of SEQID 
NOS:7, 8, 15 & 16. In this embodiment of the invention it is 
particularly preferred that said set further consists of at least 
one blocker oligonucleotides whose sequences are each 
reverse complementary, identical, or hybridize under strin 
gent or highly stringent conditions to an at least 9-base-pair 
long segment of the base sequences of each of SEQID NOS: 
9-12, 17-20 & 48-59. In this embodiment it is further pre 
ferred that said base sequences are selected from SEQ ID 
NOS:9-12 and 17-20. 
0131 The fragments obtained by means of the amplifica 
tion can carry a directly or indirectly detectable label. Pre 
ferred are labels in the form of fluorescence labels, radionu 
clides, or detachable molecule fragments having a typical 
mass which can be detected in a mass spectrometer. Where 
said labels are mass labels, it is preferred that the labeled 
amplificates have a single positive or negative net charge, 
allowing for better detectability in the mass spectrometer. The 
detection may be carried out and visualized by means of, e.g., 
matrix assisted laser desorption/ionization mass spectrom 
etry (MALDI) or using electron spray mass spectrometry 
(ESI). 
0132) Matrix Assisted Laser Desorption/Ionization Mass 
Spectrometry (MALDI-TOF) is a very efficient development 
for the analysis of biomolecules (Karas & Hillenkamp, Anal 
Chem., 60:2299-301, 1988). An analyte is embedded in a 
light-absorbing matrix. The matrix is evaporated by a short 
laser pulse thus transporting the analyte molecule into the 
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vapour phase in an unfragmented manner. The analyte is 
ionized by collisions with matrix molecules. An applied volt 
age accelerates the ions into a field-free flight tube. Due to 
their different masses, the ions are accelerated at different 
rates. Smallerions reach the detector Sooner than bigger ones. 
MALDI-TOF spectrometry is well suited to the analysis of 
peptides and proteins. The analysis of nucleic acids is some 
what more difficult (Gut & Beck, Current Innovations and 
Future Trends, 1:147-57, 1995). The sensitivity with respect 
to nucleic acid analysis is approximately 100-times less than 
for peptides, and decreases disproportionally with increasing 
fragment size. Moreover, for nucleic acids having a multiply 
negatively charged backbone, the ionization process via the 
matrix is considerably less efficient. In MALDI-TOF spec 
trometry, the selection of the matrix plays an eminently 
important role. For desorption of peptides, several very effi 
cient matrixes have been found which produce a very fine 
crystallisation. There are now several responsive matrixes for 
DNA, however, the difference in sensitivity between peptides 
and nucleic acids has not been reduced. This difference in 
sensitivity can be reduced, however, by chemically modify 
ing the DNA in such a manner that it becomes more similar to 
a peptide. For example, phosphorothioate nucleic acids, in 
which the usual phosphates of the backbone are substituted 
with thiophosphates, can be converted into a charge-neutral 
DNA using simple alkylation chemistry (Gut & Beck, 
Nucleic Acids Res. 23: 1367-73, 1995). The coupling of a 
charge tag to this modified DNA results in an increase in 
MALDI-TOF sensitivity to the same level as that found for 
peptides. A further advantage of charge tagging is the 
increased stability of the analysis against impurities, which 
makes the detection of unmodified substrates considerably 
more difficult. 

I0133. In the fourth step of the method, the amplificates 
obtained during the third step of the method are analysed in 
order to ascertain the methylation status of the CpG dinucle 
otides prior to the treatment. 
I0134. In embodiments where the amplificates were 
obtained by means of MSP amplification, the presence or 
absence of an amplificate is in itself indicative of the methy 
lation state of the CpG positions covered by the primer, 
according to the base sequences of said primer. 
0.135 Amplificates obtained by means of both standard 
and methylation specific PCR may be further analyzed by 
means of hybridization-based methods such as, but not lim 
ited to, array technology and probe based technologies as well 
as by means of techniques such as sequencing and template 
directed extension. 

0.136. In one embodiment of the method, the amplificates 
synthesised in step three are subsequently hybridized to an 
array or a set of oligonucleotides and/or PNA probes. In this 
context, the hybridization takes place in the following man 
ner: the set of probes used during the hybridization is prefer 
ably composed of at least 2 oligonucleotides or PNA-oligo 
mers; in the process, the amplificates serve as probes which 
hybridize to oligonucleotides previously bonded to a solid 
phase; the non-hybridized fragments are Subsequently 
removed; said oligonucleotides contain at least one base 
sequence having a length of at least 9 nucleotides which is 
reverse complementary or identical to a segment of the base 
sequences specified in the present Sequence Listing; and the 
segment comprises at least one CpG, TpG or CpA dinucle 
otide. 
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0.137 In a preferred embodiment, said dinucleotide is 
present in the central third of the oligomer. For example, 
wherein the oligomer comprises one CpG dinucleotide, said 
dinucleotide is preferably the fifth to ninth nucleotide from 
the 5'-end of a 13-mer. One oligonucleotide exists for the 
analysis of each CpG dinucleotide within the sequence 
according to SEQ ID NOS:1 to SEQ ID NO.4 and SEQ ID 
NOS:45 to SEQ ID NO:47, and the equivalent positions 
within SEQID NOS:7 to SEQID NO:12 and SEQID NOS: 
15 to SEQ ID NO. 20. Said oligonucleotides may also be 
present in the form of peptide nucleic acids. The non-hybrid 
ized amplificates are then removed. The hybridized amplifi 
cates are then detected. In this context, it is preferred that 
labels attached to the amplificates are identifiable at each 
position of the solid phase at which an oligonucleotide 
sequence is located. 
0.138. In yet a further embodiment of the method, the 
genomic methylation status of the CpG positions may be 
ascertained by means of oligonucleotide probes that are 
hybridised to the bisulfite treated DNA concurrently with the 
PCR amplification primers (wherein said primers may either 
be methylation specific or standard). 
0.139. A particularly preferred embodiment of this method 

is the use of fluorescence-based RealTime Quantitative PCR 
(Heidet al., Genome Res. 6:986-994, 1996; also see U.S. Pat. 
No. 6,331.393) employing a dual-labeled fluorescent oligo 
nucleotide probe (TaqManTM PCR, using an ABI Prism 7700 
Sequence Detection System, Perkin Elmer Applied Biosys 
tems, Foster City, Calif.). The TaqManTM PCR reaction 
employs the use of a nonextendible interrogating oligonucle 
otide, called a TaqManTM probe, which, in preferred embodi 
ments, is designed to hybridize to a GpC-rich sequence 
located between the forward and reverse amplification prim 
ers. The TaqManTM probe further comprises a fluorescent 
“reporter moiety' and a “quencher moiety' covalently bound 
to linker moieties (e.g., phosphoramidites) attached to the 
nucleotides of the TaqManTM oligonucleotide. For analysis of 
methylation within nucleic acids subsequent to bisulfite treat 
ment, it is required that the probe be methylation specific, as 
described in U.S. Pat. No. 6,331,393, (hereby incorporated by 
reference in its entirety) also known as the MethylLightTM 
assay. Variations on the TaqManTM detection methodology 
that are also suitable for use with the described invention 
include the use of dual-probe technology (LightcyclerTM) or 
fluorescent amplification primers (SunriseTM technology). 
Both these techniques may be adapted in a manner Suitable 
for use with bisulfite treated DNA, and moreover for methy 
lation analysis within CpG dinucleotides. 
0140. A further suitable method for the use of probe 
oligonucleotides for the assessment of methylation by analy 
sis of bisulfite treated nucleic acids In a further preferred 
embodiment of the method, the fifth step of the method com 
prises the use oftemplate-directed oligonucleotide extension, 
such as MS-SNuPE as described by Gonzalgo & Jones, 
Nucleic Acids Res. 25:2529-2531, 1997. 
0141. In yet a further embodiment of the method, the fifth 
step of the method comprises sequencing and Subsequent 
sequence analysis of the amplificate generated in the third 
step of the method (Sanger F., et al., Proc Natl AcadSci USA 
74:5463-5467, 1977). 

Best Mode 

0142. In the most preferred embodiment of the method the 
nucleic acids according to SEQID NO: 1 to SEQID NO: 4 
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and SEQID NO:45 to SEQID NO.47 are isolated and treated 
according to the first three steps of the method outlined above, 
namely: 

0.143 a. obtaining, from a Subject, a biological sample 
having Subject genomic DNA; 

014.4 b. extracting or otherwise isolating the genomic 
DNA; 

0145 c. treating the genomic DNA ofb), or a fragment 
thereof, with one or more reagents to convert cytosine 
bases that are unmethylated in the 5-position thereof to 
uracil or to another base that is detectably dissimilar to 
cytosine in terms of hybridization properties; 

and wherein the Subsequent amplification of d) is carried out 
in a methylation specific manner, namely by use of methyla 
tion specific primers or blocking oligonucleotides, and fur 
ther wherein the detection of the amplificates is carried out by 
means of a real-time detection probes, as described above. 
0146 It is particularly preferred that the methylation of 
one or more sequences selected from the group consisting 
SEQID NOS: 2.3 and 4 are analysed. In this embodiment of 
the invention it is further preferred that the methylation of all 
of the sequences of the group consisting SEQID NOS: 2.3 
and 4 are analysed. 
0.147. In a further embodiment it is preferred that only the 
methylation status of SEQID NO:2 is analysed. In a further 
embodiment it is preferred that the methylation status of SEQ 
ID NO:2 and one or more sequences selected from the group 
consisting SEQID NOS:3, 4, 45-47 are analysed, even more 
preferably said group consists SEQID NOS:3 and 4 only. 
0148 Wherein the subsequent amplification of d) is car 
ried out by means of methylation specific primers, as 
described above, said methylation specific primers comprise 
a sequence having a length of at least 9 nucleotides which 
hybridizes to a pretreated nucleic acid sequence according to 
one of SEQID NOS:5 to SEQID NO:20 and SEQID NOS:48 
to SEQ ID NO:59 and sequences complementary thereto, 
wherein the base sequence of said oligomers comprises at 
least one CpG dinucleotide. 
0149. It is preferred that said set of MSP primer oligo 
nucleotides includes at least two oligonucleotides whose 
sequences comprise a sequence having a length of at least 9 
nucleotides which hybridizes to a pretreated nucleic acid 
sequence according to one or more of SEQID NOS:7-12 and 
15-20. 
0150. In a further embodiment it is preferred that the said 
set MSP primer oligonucleotides includes at least two oligo 
nucleotides whose sequences are each reverse complemen 
tary, identical, or hybridize under Stringent or highly stringent 
conditions to an at least 9-base-pair long segment of the base 
sequences of each of SEQID NOS:7, 8, 15 & 16. 
0151. In a further preferred variant of said embodiment 
said set consists of at least MSP primer oligonucleotides 
includes at least two oligonucleotides whose sequences are 
each reverse complementary, identical, or hybridize under 
stringent or highly stringent conditions to an at least 9-base 
pair long segment of the base sequences of each of SEQID 
NOS:7, 8, 15 and 16 and at least one blocker oligonucleotides 
whose sequences are each reverse complementary, identical, 
or hybridize under stringent or highly stringent conditions to 
an at least 9-base-pair long segment of the base sequences of 
each of SEQID NOS:9-12 and 17-20. 
0152 Step e) of the method, namely the detection of the 
specific amplificates indicative of the methylation status of 
one or more CpG positions according to SEQID NOS:1 to 
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SEQ ID NO.4 and SEQ ID NOS:45 to SEQ ID NO:47 is 
carried out by means of real-time detection methods as 
described above. 
0153. In an alternative most preferred embodiment of the 
method the Subsequent amplification ofd) is carried out in the 
presence of blocking oligonucleotides, as described above. 
Said blocking oligonucleotides comprising a sequence hav 
ing a length of at least 9 nucleotides which hybridizes to a 
pretreated nucleic acid sequence according to one of SEQID 
NOS: 5-20 and 48-59 and sequences complementary thereto, 
wherein the base sequence of said oligomers comprises at 
least one CpG, TpG or CpA dinucleotide. 
0154 It is preferred that said set of blocking oligonucle 
otides includes at least two oligonucleotides whose 
sequences comprise a sequence having a length of at least 9 
nucleotides which hybridizes to a pretreated nucleic acid 
sequence according to one or more of SEQID NOS:7 to SEQ 
ID NO:12 and SEQ ID NOS:15 to SEQ ID NO. 20. In this 
embodiment of the invention it is particularly preferred that 
said set consists of at least one blocker oligonucleotides 
whose sequences are each reverse complementary, identical, 
or hybridize under stringent or highly stringent conditions to 
an at least 9-base-pair long segment of the base sequences of 
each of SEQ ID NOS:7-12 and 15-20. 
0155. In a further embodiment it is preferred that the said 
set consists of at least one blocker oligonucleotides whose 
sequences are each reverse complementary, identical, or 
hybridize under stringent or highly stringent conditions to an 
at least 9-base-pair long segment of the base sequences of 
each of SEQID NOS:7, 8, 15 and 16. 
0156. In a further preferred variant of said embodiment 
said set consists of at least one blocker oligonucleotides 
whose sequences are each reverse complementary, identical, 
or hybridize under stringent or highly stringent conditions to 
an at least 9-base-pair long segment of the base sequences of 
each of SEQID NOS:7, 8, 15 and 16 and at least one blocker 
oligonucleotides whose sequences are each reverse comple 
mentary, identical, or hybridize under stringent or highly 
stringent conditions to an at least 9-base-pair long segment of 
the base sequences of each of SEQID NOS:9-12 and 17-20. 
0157 Step e) of the method, namely the detection of the 
specific amplificates indicative of the methylation status of 
one or more CpG positions according to SEQID NOS:1 to 
SEQ ID NO.4 and SEQ ID NOS:45 to SEQ ID NO:47 is 
carried out by means of real-time detection methods as 
described above. 

0158. Additional embodiments of the invention provide a 
method for the analysis of the methylation status of genomic 
DNA according to the invention (SEQID NOS:1 to SEQ ID 
NO:4 and SEQID NOS:45 to SEQ ID NO:47, and comple 
ments thereof) without the need for pretreatment. 
0159. It is preferred that the methylation of one or more 
sequences selected from the group consisting SEQID NOS: 
2, 3 and 4 are analysed. In this embodiment of the invention it 
is particularly preferred that the methylation of all of the 
sequences of the group consisting SEQID NOS: 2,3 and 4 are 
analysed. 
0160. In the first step of such additional embodiments, the 
genomic DNA sample is isolated from tissue or cellular 
Sources. Preferably, such sources include cell lines, histologi 
cal slides, body fluids, stool or tissue embedded in paraffin. In 
the second step, the genomic DNA is extracted. This may be 
by any means standard in the art, including the use of com 
mercially available kits. Briefly, wherein the DNA of interest 
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is encapsulated in by a cellular membrane the biological 
sample must be disrupted and lysed by enzymatic, chemical 
or mechanical means. The DNA solution may then be cleared 
of proteins and other contaminants e.g. by digestion with 
proteinase K. The genomic DNA is then recovered from the 
solution. This may be carried out by means of a variety of 
methods including salting out, organic extraction or binding 
of the DNA to a solid phase support. The choice of method 
will be affected by several factors including time, expense 
and required quantity of DNA. 
0.161. In a preferred embodiment, the DNA may be 
cleaved prior to the treatment, and this may be by any means 
standard in the state of the art, in particular with methylation 
sensitive restriction endonucleases. 
0162. In the third step, the DNA is then digested with one 
or more methylation sensitive restriction enzymes. The diges 
tion is carried out such that hydrolysis of the DNA at the 
restriction site is informative of the methylation status of a 
specific CpG dinucleotide. 
0163. In the fourth step, which is optional but a preferred 
embodiment, the restriction fragments are amplified. This is 
preferably carried out using a polymerase chain reaction, and 
said amplificates may carry Suitable detectable labels as dis 
cussed above, namely fluorophore labels, radionuclides and 
mass labels. 
0164. In the fifth step the amplificates are detected. The 
detection may be by any means standard in the art, for 
example, but not limited to, gel electrophoresis analysis, 
hybridization analysis, incorporation of detectable tags 
within the PCR products, DNA array analysis, MALDI or ESI 
analysis. 
0.165. In the final step the of the method the presence or 
absence of colon cell proliferative disorder is deduced based 
upon the methylation state of at least one CpG dinucleotide 
sequence of SEQ ID NOS:1 to SEQ ID NO:4 & SEQ ID 
NOS:45 to SEQIDNO:47, oran average, or a value reflecting 
an average methylation state of a plurality of CpG dinucle 
otide sequences of SEQID NOS:1 to SEQID NO 4 and SEQ 
ID NOS:45 to SEQID NO:47. 
(0166 In a further embodiment said deduction is based 
upon the methylation status of SEQID NO:2 only. In a further 
preferred embodiment said deduction is based upon the 
methylation status of SEQID 2 and one or more sequences 
chosen from, SEQID NOS:3 and 4. 

Diagnostic Assays for Colon Cell Proliferative Disorders 
0167. The present invention enables diagnosis of events 
which are disadvantageous to patients or individuals in which 
important genetic and/or epigenetic parameters within one or 
more of SEQID NOS:1 to SEQID NO.4 and SEQID NOS: 
45 to SEQID NO.47 may be used as markers. Said param 
eters obtained by means of the present invention may be 
compared to another set of genetic and/or epigenetic param 
eters, the differences serving as the basis for a diagnosis 
and/or prognosis of events which are disadvantageous to 
patients or individuals. 
0168 Specifically, the present invention provides for diag 
nostic cancer assays based on measurement of differential 
methylation of one or more CpG dinucleotide sequences of 
SEQID NOS:1 to SEQID NO.4 and SEQID NOS:45 to SEQ 
ID NO:47, or of subregions thereofthat comprise such a CpG 
dinucleotide sequence. Typically, such assays involve obtain 
ing a tissue sample from a test tissue, performing an assay to 
measure the methylation status of at least one of one or more 
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CpG dinucleotide sequences of SEQ ID NOS:1 to SEQ ID 
NO:4 and SEQID NOS:45 to SEQID NO: 47 derived from 
the tissue sample, relative to a control sample, or a known 
standard and making a diagnosis or prognosis based thereon. 
0169. In particular preferred embodiments, inventive oli 
gomers are used to assess the CpG dinucleotide methylation 
status, such as those based on SEQ ID NOS:1 to SEQ ID 
NOS:20 and 45 to 59, or arrays thereof, as well as in kits based 
thereon and useful for the diagnosis and/or prognosis of colon 
cell proliferative disorders. 

Kits 

0170 Moreover, an additional aspect of the present inven 
tion is a kit comprising, for example: a bisulfite-containing 
reagent; a set of primer oligonucleotides containing at least 
two oligonucleotides whose sequences in each case corre 
spond, are complementary, or hybridize under Stringent or 
highly stringent conditions to a 16-base long segment of the 
sequences SEQ ID NOS:1 to SEQ ID NO:20 & SEQ ID 
NOS:45 to SEQ ID NO:59: oligonucleotides and/or PNA 
oligomers; as well as instructions for carrying out and evalu 
ating the described method. 
0171 More preferred is a kit comprising the oligonucle 
otides whose sequences in each case correspond, are comple 
mentary, or hybridize under stringent or highly stringent con 
ditions to a 16-base long segment of the sequences SEQID 
NOS 5-20. 

0172 Also preferred is a kit comprising the oligonucle 
otides whose sequences in each case correspond, are comple 
mentary, or hybridize under stringent or highly stringent con 
ditions to a 16-base long segment of the sequences SEQID 
NOS: 7, 8, 15 & 16. 
0173 Further preferred is a kit comprising the oligonucle 
otides whose sequences in each case correspond, are comple 
mentary, or hybridize under stringent or highly stringent con 
ditions to a 16-base long segment of the sequences SEQID 
NOS:7, 8, 15 and 16 and at least one of SEQID NOS:9-12 and 
17-2O. 

0.174. In a further preferred embodiment, said kit may 
further comprise standard reagents for performing a CpG 
position-specific methylation analysis, wherein said analysis 
comprises one or more of the following techniques: MS 
SNuPETM, MSP. MethyLightTM, HeavyMethylTM, 
COBRATM, and nucleic acid sequencing. However, a kit 
along the lines of the present invention can also contain only 
part of the aforementioned components. 
0175 Typical reagents (e.g., as might be found in a typical 
COBRATM-based kit) for COBRATM analysis may include, 
but are not limited to: PCR primers for specific gene (or 
methylation-altered DNA sequence or CpG island); restric 
tion enzyme and appropriate buffer, gene-hybridization 
oligo; control hybridization oligo; kinase labeling kit for 
oligo probe; and radioactive nucleotides. Additionally, 
bisulfite conversion reagents may include: DNAdenaturation 
buffer; sulfonation buffer; DNA recovery reagents or kits 
(e.g., precipitation, ultrafiltration, affinity column); des 
ulfonation buffer; and DNA recovery components. 
0176 Typical reagents (e.g., as might be found in a typical 
Methylight(R)-based kit) for Methylight(R) analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); Taq 
Man(R) probes; optimized PCR buffers and deoxynucleotides: 
and Taq polymerase. 
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0177. Typical reagents (e.g., as might be found in a typical 
Ms-SNuPETM-based kit) for Ms-SNuPE analysis may 
include, but are not limited to: PCR primers for specific gene 
(or methylation-altered DNA sequence or CpG island); opti 
mized PCR buffers and deoxynucleotides; gel extraction kit; 
positive control primers: Ms-SNuPETM primers for specific 
gene; reaction buffer (for the Ms-SNuPETM reaction); and 
radioactive nucleotides. Additionally, bisulfite conversion 
reagents may include: DNA denaturation buffer; sulfonation 
buffer; DNA recovery regents or kit (e.g., precipitation, ultra 
filtration, affinity column); desulfonation buffer; and DNA 
recovery components. 
0.178 Typical reagents (e.g., as might be found in a typical 
MSP-based kit) for MSP analysis may include, but are not 
limited to: methylated and unmethylated PCR primers for 
specific gene (or methylation-altered DNA sequence or CpG 
island), optimized PCR buffers and deoxynucleotides, and 
specific probes. 
(0179 While the present invention has been described with 
specificity in accordance with certain of its preferred embodi 
ments, the following example serves only to illustrate the 
invention and is not intended to limit the invention within the 
principles and scope of the broadest interpretations and 
equivalent configurations thereof. 

EXAMPLES 

Material and Methods 

Subjects for MethyLight Analysis 
0180 Colon tissues were obtained by surgical resection 
from 47 patients (29 male, 18 female) with colon cancer, with 
a median age of 66 years (range 31-93 years), from the tumor 
and a tumor-free location which was at least 2 cm distant from 
the tumor and which was confirmed to be without any tumor 
cell infiltration by histological assessment. In all 47 patients 
tissue samples from the colon cancer were obtained for 
molecular analysis, in 21 of these cases a matched non-cancer 
colon sample was also obtained for molecular analysis after 
tumor cell infiltration was ruled out by histological assess 
ment. The metastatic lesions were obtained from 24 patients 
(13 male, 11 female, median age 64.5 yrs, range 41-79) with 
colorectal cancer that developed liver metastasis after prior 
Successful colon cancer resection. In one case the primary 
colon cancer and a single liver metastasis were resected at the 
same time in a 74 year old female patient. Immediately after 
Surgery, tissue samples were put in liquid nitrogen and stored 
at -80°C. until use. Formalin fixed tissues were processed as 
previously described and sections were stained with hema 
toxylin and eosin for histological evaluation. Tumor stages 
were assessed using the TNM-system. 

DNA Extraction 

0181 Genomic DNA was extracted from the tissues using 
the proteinase K digestion method. 

Genome-Wide Methylation Screening Assay 
0182 Differentially methylated genomic sequences were 
identified using Methylation-specific arbitrarily primed PCR 
analysis (MS AP-PCR) by comparison of different levels of 
disease to age-matched normal tissue for several differentage 
groups (see for example Young J. Biden KG, Sinuns L A, 
Huggard P. Karamatic R. Eyre HJ, Sutherland GR, Herath N. 
Barker M. Anderson G.J. Fitzpatrick D R. Ramm GA, Jass J 
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R. Leggett BA. HPP1: a transmembrane protein-encoding 
gene commonly methylated in colorectal polyps and cancers. 
Proc Natl Acad Sci USA 2001: 98:265-270.) DNA from 
colon adenomas, CRC samples from patients with no lymph 
node involvement or metastasis and CRC samples from 
patient with lymph node involvement and/or metastasis was 
compared in MS AP-PCR experiments to age-matched nor 
mal colon tissue and to age-matched normal peripheral blood 
lymphocytes. 
0183 Five samples for each tissue type were collected for 
each of three age groups; over 65 years, 50 to 65 years and 
under 50 years. Genomic DNA was extracted from the tissue 
samples using Qiagen Genomic-Tip 500/G columns. The five 
DNA samples from each tissue type and each age group were 
pooled and experiments were performed as follows. DNA 
was digested with Rsal to generate smaller DNA fragments 
before digestion with MspI and HpaII, two restriction 
enzymes with different sensitivities to cytosine methylation. 
Then MSAP-PCR was performed as previously described by 
Liang et al. The digested DNA was amplified using these sets 
of primers: G1, 5'-GCGCCGACGT-3'; G5,5'-TGC 
GACGCCG-3'; APBS5,5'-CTCCCACGCG-3'. After ampli 
fication fragments were separated on polyacrylamide gels 
and those exhibiting a pattern of differential methylation were 
eluted from the gel, cloned into vectors and sequenced as 
outlined above. Identification of sequences was performed by 
BLAST searches in Genbank. 

MethyLightTM Analysis 

0184 Genomic DNA was analyzed by the Methylight 
technique after bisulfite conversion as previously reported by 
Eads et al. (Epigenetic patterns in the progression of esoph 
ageal adenocarcinoma. Cancer Res 2001: 61:34.10-3418. and 
Fields of aberrant CpG island hypermethylation in Barrett's 
esophagus and associated adenocarcinoma. Cancer Res 
2000; 60:5021-5026). In this analysis three oligos are used in 
every reaction. Two locus-specific PCR primers flank an oli 
gonucleotide probe with a 5' fluorescent reporter dye (6FAM) 
and a 3' quencher dye (BHQ-1). For this analysis primers and 
probes are specifically designed to bind to bisulfite-converted 
DNA, which generally span 7 to 10 CpG dinucleotides. The 
gene of interest is then amplified and normalized to a refer 
ence set (B-actin (ACTB)) to normalize for input DNA. The 
specificity of the reactions for methylated DNA is confirmed 
using human sperm DNA (unmethylated) and CpGenome 
Universal Methylated DNA (Chemicon (subsidiary of Sero 
logicals) catalog iS7821) (methylated). For standardization 
the primers and the probe for analysis of the ACTB gene lack 
CpG dinucleotides so that amplification is possible regardless 
of methylation levels. TaqMan PCR reactions were per 
formed in parallel with primers specific for the bisulfite 
converted methylated sequence for aparticularlocus and with 
the ACTB reference primers. The ratio between the values 
was calculated in these two TaqMan analyses, using this 
approach the degree of methylation at that locus was deter 
mined. The extent of methylation at a specific locus was 
determined by the following formula: 

(gene/actb)sample:(gene/actb)sss-treated genomic DN41X 
100. 

A cut off value of 4% gave the best discrimination between 
normal and cancerous samples, as previously reported. 
Therefore, samples with 24% fully methylated molecules 
were termed methylated, where as samples with <4% were 
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considered unmethylated. The primer and probe sequences 
are listed in Table 1 and were used as previously reported by 
Eads et al. 

Bisulfite Sequencing 
0185 Bisulfite genomic sequencing was performed for the 
ALX4 gene in order to confirm the results obtained by Meth 
yLightTM analysis. Briefly, bisulfite treated genomic DNA 
from 4 colon cancers and matched normal colon mucosa was 
amplified with primers specific for a fragment of the ALX4 
gene containing 39 CpG sites and spanning the region that 
was analysed with the MethylightTM assay: ALX4 bis1, 
5'-TGAATAGGGTGATATTTTAGTTAGG-3'; ALX4 bis 
2,5'-ATAAATCATCCCAAAACCTCTA-3' (SEQ ID NO: 
60). PCR was carried out in a reaction mixture (25 ul) con 
taining 7 ul of DNA, 0.2 mM dNTPs, 1 uM primers, and 0.25 
units of DyNAZyme EXT DNA Polymerase (Finnzyines). 
Amplification was performed using the following condition: 
94°C. for 2 min, followed by 36 cycles (94°C. for 1 min, 45° 
C. for 1 min, 72°C. for 2 min)and then 72° C. for 10 minutes. 
PCR products were separated on 1% agarose gel, stained with 
ethidium bromide and visualized with an UV transillumina 
tor. DNA fragments of interest were cloned into a plasmid 
vector with the TOPOTA cloning kit (Invitrogen, Carlsbad, 
Calif.) according to manufacturer's recommendations and 
sequence was confirmed by automated sequencing. 
Statistical Analysis 
0186. The PMR values of the Methylight assays were 
dichotomized for statistical purposes as previously reported 
by Eads et al. PMR values above 4% were considered as 
methylation positive and classified as 1, where as PMR 
levels below 4% were classified as 0 (no methylation). This 
dichotomization should level off the quantitative impact of 
different levels of hypermethylation per gene, and allow the 
cross-gene comparison of methylation per gene in colon can 
cer and metastasis. The different clinicopathological features, 
Such as location of primary tumor, grade of differentiation or 
stage of cancer were used as nominal variables in the Fisher's 
exact test or Chi square test. Otherwise student's t-test was 
used to determine statistical difference. All tests were two 
sided, and a p-value of <0.05 was considered statistically 
significant. 
Results 

0187. Differential methylation of a fragment of approxi 
mately 242 bp with genomic sequence matching a portion of 
the first intron of ALX4 was confirmed in seven different MS 
AP-PCR experiments comparing colon cancer and adenoma 
DNA to normal DNA obtained from the same individuals. In 
experiments performed on samples from patients over 65 
years old, bands corresponding to a methylated fragment of 
ALX4 were found in DNA from a denomas, non-metastatic 
adenocarcinoma and metastatic adenocarcinoma Samples 
when compared to normal age-matched colon tissue. The 
band was also identified in a mixture of pre-cancerous and 
adenocarcinoma samples compared to age-matched PBL 
DNA. An identical band was found in adenoma sample DNA 
from patients 50-65 years old when compared to normal 
age-matched colon tissue and a mixture of pre-cancerous and 
adenocarcinoma DNA from patients 50-65 years compared to 
age-matched PBL DNA. Lastly the fragment was found in a 
comparison of adenomas from patients less than 50 years 
compared to age-matched normal tissue (data not shown). 
Confirmation of ALX4 Gene Methylation in Primary and 
Metastatic Colorectal Cancer 

0188 The methylation of the ALX4 gene was assessed in 
47 colon cancers and compared to 21 cases of normal colon 



US 2009/0047666 A1 

mucosa which were obtained from a subset of these cancer 
patients. Using the Methylight assay a high degree of methy 
lation was found in the cancerous colon as compared to the 
matched normal colon mucosa (FIG. 2A). Thirty cancers 
exhibited a PMR >4% (30/47) where as in none of the 21 
normal colon samples ALX4 gene methylation was observed 
(p<0.0001). We then assessed the degree of ALX4 methyla 
tion in our series of metastatic samples and compared them to 
the primary colon cancers. In this series, apart from one 
patient, the tissues were, however, not matched and thus from 
different patients. Nonetheless, our analysis showed that a 
high degree of methylation can be found in both primary 
(30/47) and metastatic colon cancer (16/24), which did not 
differ by statistical analysis (FIG. 2B). Interestingly, primary 
colon cancer and metastatic tissues from the one female 
patient from which both tissues were obtained, exhibited a 
low degree of methylation in the primary cancer and a high 
degree of methylation in the metastatic lesion (FIG. 2B). 
0189 In order to confirm the results of ALX4 gene methy 
lation obtained by Methylight assay we also performed 
bisulfite sequencing on 4 matched normal and colon cancer 
samples. These 4 patients were selected because there was a 
dramatic difference in the levels of methylation of the ALX4 
gene in the cancer versus the matched normal colon sample 
(FIG. 3). The region of the ALX4 gene that was analysed by 
bisulfite sequencing spanned 39 CpG sites, including the 12 
CpG sites that were analysed with the Methylight assay. The 
DNA fragments encoding ALX4 were amplified by PCR 
using bisulfite treated DNA and 3-11 clones per sample were 
sequenced. Similar to the results obtained with the Meth 
ylight assay we found that the majority of CpG sites were 
methylated in the cancer samples, where as in the normal 
colon mucosa the CpG sites were widely unmethylated (FIG. 
3). The varying degrees of methylation that were observed, 
however, in the cancer samples reflect the degree of contami 
nating non-malignant cells that were present in the DNA 
preparation from the cancer tissues used for methylation 
analysis. Overall, the results obtained by bisulfite sequencing 
confirmed the results of the PCR based assay, indicating that 
the Methylight assay correctly assesses the methylation of the 
ALX4 gene in colorectal cancer. 

Analysis of Gene Methylation in Primary and Metastatic 
Colorectal Cancer 

0190. Next we analysed our tissues for gene methylation 
using a set of genes that had been previously be reported by 
other groups to be associated with either colon cancer patho 
genesis or the development of cancer metastasis: TPEF, p16/ 
INK4A, APC, caveolin-2, DAPK, TIMP3. Using Methylight 
assays we assessed the methylation status of ALX4 and the 
other 6 genes in our series of primary and metastatic colon 
cancers. The cut-off of methylation was chosen to be a PMR 
(percentage of methylated reference) of >4% (as previously 
reported by Eads et al.) and all samples with a PMR >4% 
were classified as methylation positive (1), where as 
samples with a PMR below 4% were considered methylation 
negative (0). The results of the methylation analysis of each 
gene in primary and colon cancer is given in table 3. In 
addition, the numbers were added giving the total numbers of 
methylated genes per sample. Using this approach we 
observed at least one methylated gene in 40 of 47 primary 
cancers, this would indicate a sensitivity of 85.1% for the 
detection of cancer (FIG. 4A). In contrast, only one of 21 
normal colon mucosa samples exhibited TPEF gene methy 
lation, indicating that the specificity of this marker set would 
be 95.2%. Thus, the analysis of only three genes, i.e. ALX4, 
TPEF and p16, allowed the identification of these 40 cancers, 
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where as the other genes did not further contribute to the 
detection of colon cancer. In the metastatic lesions all 24 
cases exhibited at least one of these methylated gene: ALX4, 
TPEF or APC, accounting for a detection rate of 100% (FIG. 
4B). 
ALX4 contributes to the identification of CIMP in Primary 
and Metastatic Colon Cancer 
0191) A condition termed CpG island methylator pheno 
type (CIMP) which is associated with microsatellite instabil 
ity related to hMLH1 methylation, a proximal location in the 
colon and a family history of colon cancers was recently 
identified by Toyota et al. (CpG island methylator phenotype 
in colorectal cancer. Proc Natl AcadSci USA 1999; 96:8681 
8686). In our series CIMP+ cancers were observed in 20 of 47 
cases (FIG. 4A). These cancers exhibited at least 3 methy 
lated genes, which included ALX4, TPEF, APC, Caveolin-2, 
TIMP3 and p16. In the metastatic lesions we observed 
CIMP+cancers in 9 of 24 cancers. The genes found to be 
methylated in CIMP+metastatic lesions included ALX4, 
TPEF, TIMP3 and APC (FIG. 4B). Colon cancers located in 
either the cecum, ascending colon, colon transversum or 
descending colon exhibited a CIMP+ status in 14 of 24 cases, 
where as cancers of the sigma and/or rectum were CIMP+ in 
6 of 22 cases, a difference that was also statistically signifi 
cant (p=0.026). However, CTMP+ tumors were not associ 
ated with either early or advanced stages in our series, and 
showed no association with the degree of differentiation. 
Association of Gene Methylation in Colon Cancer with Clini 
copathological Features of Colon Cancer 
(0192 In order to assess a potential association of the pres 
ence of methylation with the location of the primary tumor we 
classified our colorectal cancers into two groups: rectal can 
cers (n=10), and non-rectal cancers (n=36). Using Fisher's 
exact test, we found that there was a statistical significant 
difference in the presence of methylation with regard to the 
location of the primary tumor. While rectal cancers exhibited 
no methylation in 4 of the cases, where as methylation of 1 to 
7 genes was found in 6 cases, the vast majority of colon 
cancers (34/36) exhibited methylation in at least one gene 
(p=0.014). Thus, from this analysis we can assume that 
methylation is significantly more frequent in proximal, i.e. 
non-rectal cancers of the large intestine (FIG. 5A). 
0193 We analysed not only the association between the 
location of the primary and the overall presence of gene 
methylation per patient, but also analysed each single gene 
with regard to this association of location and gene methyla 
tion. However, apart from TPEF, none of the other genes— 
including ALX4—were linked to a certain location of the 
primary tumor, probably because of the low number of 
methylated genes observed in our study. However, TPEF was 
more frequently methylated in colon cancers (31/36) com 
pared to rectal cancers (5/10) (p=0.023) (FIG. 5B). The total 
number of methylated genes in rectal cancers (19/70) was 
also compared to the total number of methylated genes in 
colon cancer (89/252), however, this difference did not reach 
statistical significance (p=0.0513). 
0194 While methylation is considered an early step in the 
process of colorectal cancer pathogenesis, we assessed the 
presence of methylation in the cancers with regard to the stage 
of the cancers. While none of our patients was in the UICC 
stage I, 20 patients presented with UICC stage II cancer, 13 
with stage III and 13 with stage IV colorectal cancer. Inter 
estingly, the number of patients without gene methylation 
increased with the UICC stage, in that patients with UICC 
stage II had at least 1 methylated gene compared to the more 
advanced stages, however this observation was not statisti 
cally significant. However, while we found no association 
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between the T stage and the presence of methylation, the 
presence of distant metastasis (M-- stage) was associated with 
significantly less methylated cancers compared to tumors 
without distant metastasis. Thus, while 3 of 6 cancers with 
distant metastasis did not show any gene methylation, cancers 
without distant metastasis (MO) presented with at least one 
methylated gene in 30 of 33 cases (p=0.033) (FIG. 5C). 
Again, the detailed analysis of every single gene with regard 
to the association with distant metastasis did not identify a 
single gene that was associated with the presence of distant 
metastasis, again maybe due to the limited number of cases 
analysed. 

Discussion 

(0195 ALX4 gene methylation was identified by MSAP 
PCR in our study and we confirmed the presence of ALX4 
methylation in a larger series of primary and metastatic colon 
cancers using the Methylight assay and bisulfite sequencing. 
ALX4 gene methylation was observed in 30 of 47 primary 
cancers and in none of the normal colon mucosa tissue 
samples. Furthermore, ALX4 was frequently methylated in 
the liver metastasis of a second set of patients with colorectal 
cancers. In the one female patient in which primary colon 
cancer and liver metastasis were resected at the same time we 
found a high degree of ALX4 gene methylation in the liver 
metastasis as opposed to the primary cancer, indicating that 
methylation of ALX4 may occur “de novo in the metastatic 
cancer cells even in the absence of methylation in the primary 
cancer cells. 

0196. In order to further assess the role of ALX4 gene 
methylation in primary and metastatic colon cancer, we 
analysed the presence of methylation of 6 other genes that 
have previously been linked either to colon cancer pathogen 
esis or metastatic development in our series of colon cancer 
and metastatic cancer tissues: TPEF/HPP1, p16/INK4A, 
APC, caveolin-2, DAPK and TIMP3. While TPEF and ALX4 
exhibited a similar high frequency of methylation in primary 
colon cancer, p16 and APC were less frequently methylated. 
Of the 47 analysed primary colon cancers 40 exhibited at least 
one of the three methylated genes ALX4, TPEF or p16, indi 
cating that a methylation based diagnostic test including these 
three genes may achieve a detection rate of 85.1%; since only 
one normal case exhibited a significant degree of methylation 
of the TPEF gene specificity would be 95.2%. 
0197) The cancers were then grouped according to the 
location of the primary cancer into rectal and non-rectal can 
cers. Overall gene methylation was more frequently present 
in non-rectal cancers compared to cancers of the rectum, an 
observation that has been reported by other groups as well. 
However, ALX4 gene methylation alone—in contrast to 
TPEF was not associated with either location of the primary 
tumor, most probably due to the limited number of cases 
analysed in our study. Furthermore, since gene methylation 
has been considered to be an early event in the pathogenesis 
of this and other cancers, we assessed the frequency of methy 
lation in each UICC stage and in cancers grouped according 
to the size of the primary tumor (T), presence of lymph nodes 
(N) or distant metastasis (M). However, colorectal cancers 
without distant metastasis frequently exhibited gene methy 
lation, which contrasts with previous reports that gene hyper 
methylation may be associated with a poor prognosis in this 
and other cancers. 
0198 Recently Toyota et al. (CpG island methylator phe 
notype in colorectal cancer. Proc Natl Acad Sci USA 1999; 
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96:8681-8686.) reported the presence of multiple methylated 
genes in colon cancer, a condition they termed CpG island 
methylator phenotype (CIMP). In their analysis two types of 
methylation were identified: Type A methylation referred to 
the age-related methylation of CpG islands in tumors and the 
normal colon mucosa. In contrast, some genes exhibited 
methylation only in colon cancers which was classified as 
type C methylation. Interestingly, most CIMP+ cancers were 
associated with microsatellite instability related to hMLH1 
methylation, a proximal location and a family history of colon 
cancers. In our series CIMP+ cancers were observed in 20 of 
47 cases and were located primarily in the proximal colon 
cancer, an association which has already been reported by 
Toyota et al. and Rijnsoever et al. (CpG island methylator 
phenotype in colorectal cancer. Proc Natl Acad Sci USA 
1999; 96:8681-8686. and Characterisation of colorectal can 
cers showing hypermethylation at multiple CpG islands. Gut 
2002; 51:797-802). However, our CIMP+ tumors were not 
associated with either early or advanced stages in our series, 
which is similar to the findings reported by Toyota et al. In 
contrast to our study, Rijnsoever et al. reported that in their 
analysis CIMP+ colon cancers were poorly differentiated, a 
finding that was not observed in our and other studies and may 
be due to the larger patient group that was analysed in their 
study. 
0199 To our knowledge our study is the first to also 
address the role of gene methylation in metastatic colorectal 
cancers using a panel of 7 genes—including ALX4—that 
were analysed by the highly sensitive MethylightTM assay. 
Using this assay we found several genes to be methylated in 
both metastatic lesions and primary cancers, as well as genes 
that were neither methylated in metastasis nor in primary 
colorectal cancers. Apart from this observation, APC gene 
methylation increased in metastatic lesions compared to pri 
mary cancers. Based on these findings, we can classify the 
patterns of methylation in liver metastasis in three groups: 
class I genes: high degree of methylation in primary tumor 
and liver metastasis (ALX4, TPEF, p16), class II genes: 
higher degree of methylation in metastasis compared to pri 
mary tumor (APC) and class genes III: no methylation in 
either primary tumor or metastasis (caveolin-2, DAPK, 
TIMP3). Interestingly, all 24 metastases exhibited at least one 
methylated gene of the class I genes, indicating that this set of 
genes may be valuable for the methylation specific detection 
of liver metastasis in colon cancer. Interestingly, the two 
genes that exhibited a very high degree of methylation in the 
primary colon cancers, are also frequently methylated in the 
liver metastasis of colon cancer (ALX4, TPEF). From our 
analysis we assume that methylation of these genes occurs 
early in these cancers and that they remain methylated in the 
progression of the disease. However, the high frequency of 
methylation detected in the primary cancers and metastatic 
lesions makes them ideal candidates for a methylation-based 
diagnostic tool for localized and metastatic colorectal cancer. 
(0200. In summary, using MS AP-PCR we identified the 
methylation of ALX4 in colorectal cancers and further analy 
sis revealed that ALX4 gene methylation is a frequent event in 
colorectal cancer pathogenesis. Together with a further set of 
genes, ALX4 allows the identification of primary and meta 
static colorectal cancers indicating that methylation based 
diagnostic tests may be helpful in the identification of this and 
other malignancies and, thus, may improve the detection and 
overall prognosis of patients with these cancers. 
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TABLE 1. 

List of primers and probes used for Methylight analysis 

Gene forward primer (5'-3") reverse primer (5'-3') probe sequence (5'-3') 

ALX4 CGCGGTTTCGATTTTAATGC ACTCCGACTTAACCCGACGAT 6FAM- CGACGAAATTCCTAACGCAACCGCTTAA-BHO1 

Caveolin TTTCGGATGGGAACGGTGTA CTCCCACCGCCGTTACC 6FAM-CCCGTCCTAACCGTCCGCCCT-BHO1 
2 

DAPK TCGTCGTCGTTTCGGTTAGTT CCCTCCGAAACGCTATCGA 6FAM- CGACCATAAACGCCAACGCCG-BHQ1 

TPEF TTTTTTTTTCGGACGTCGTTG CCTCTACATACGCCGCGAAT 6FAM-AATTACCGAAAACATCGACCGA-BHQ1 

p16/IN TGGAATTTTCGGTTGATTGGTT AACAACGTCCGCAC CTCCT 6FAM-ACCCGACCCCGAACCGCG-BHO1 
K4A 

APC GAACCAAAACGCTCCCCAT TTATATGTCGGTTACGTGCGTTTATAT 6FAM-CCCGTCGAAAACCCGCCGATTA-BHO1 

TIMP3 GCGTCGGAGGTTAAGGTTGTT CTCTCCAAAATTACCGTACGCG 6FAM-AACTCGCTCGCCCGCCGAA-BHO1 

Caveolin TTTCGGATGGGAACGGTGTA CTCCCACCGCCGTTACC 6FAM-CCCGTCCTAACCGTCCGCCCT-BHO1 

TABLE 2 TABLE 3 

Genes and sequences according to the invention. Summary of results from analysis of gene methylation 
in primary cancer and metastasis. 

Gene Genomic Methylated treated Unmethylated treated 
l8le SEQID NO SEQ ID NOs: SEQID NOs: Normal Tumor Metastasis 

Gene (n = 21) (n = 47) (n = 24) Class 
APC 1 5 & 6 13 & 14 

ALX4 Of 21 30,478 1624 I 
ALX4 2 7 & 8 15 & 16 TPEF 1.21 36,478 1924 I 
TPEF 3 9 & 10 17 & 18 p16 Of 21 15/47f 624 I 
p16 4 11 & 12 19 & 20 APC Of 21 10.47f 10/24 II 
DAPK 45 48 & 49 S4 & SS TIMP3 1.21 11.47 224 III 
TIMP3 46 SO & S1 S6 & 57 DAPK Of 21 1.47 0.24 III 
Caveolin 2 47 52 & 53 S8 & 59 Caveolin 2 0.21 5/47 124 III 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 75 

<210 SEQ ID NO 1 
<211 LENGTH: 2470 
&212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<4 OO SEQUENCE: 1 

aaagatgatt aaaagtttaa ttgttcatct galagagttga tttittittatt cotgtaataa 60 

aggg tactitt tagcagt ct c togct catctt gcc catc.cgg ct cittitttgt ggttgttgtaa 12O 

ggittata act tctgttgttctic agtaaacttig tigcatgcc.ca tttittittctic tdt tact acc 18O 

ttittct citta titttgttitta ttattittgat gtaaaattac ct gttaattt tatttgaaat 24 O 

gagaaattitt aaggttcaca ttatt caaat totgtcagat coctacct ct gt catatggit 3 OO 

ttataatgtg ctggg tattt to agacctgc titattaaaaa gatgtaaaac aaaataatga 360 

toacticcitgt ggatttitt.cc tittatttittg agatgtc.tcc tittggctgca ttacttctitc 42O 

acccCttgcc cattgat cag aggaggggt C ttaactatgg gtgaac cct a tatctt actg 48O 

aagaggittat gttacatgta tattitt cata atataactta catttacata gtacttitt at 54 O 
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ttittagcata cctttittitta ttaatcctaa taatat cact gtaagttatgttgaa.gcaga 6OO 

ttgtaagtgt to atttacaa attgttgaaat gaattaaaat gaaagggcaa agattaaatc 660 

atgaccaggc ctdaaattaa cacacaagac toaattittitt toaac caaag actitttgtag 72 O 

gtgatc cctd cct gcaggac toccct tcct c ct cagatgt cattggattg taccaggttt 78O 

actgtagatt ctagocgttg tagaactaac tagat citaag atgagtic ccc tdatttic citt 84 O 

tggtagagtic titccaattgc tigaacticcaa tattgtcgtg act agc.cagt gttacaacct 9 OO 

gtctgc citta ttttgttgtaa toggattt cat attacagagg catttittitta atgtcaagat 96.O 

gtttaagtat tdottaagtg caaac tactt aatactittitt agct attaag taattaagat O2O 

aggcaggatt ttatttgttc caaaatgatt tacctaaac taaaaagaga atgtggat.ct O8O 

cctgaatctt acttggittaa tottaatata act cotagoa ttctataatt citt cotaaag 14 O 

t cct cittacc toggctatott ttgtat ctitc tttgtct citc ct cittctitt c ccagt cataa 2OO 

taactgc.cag act ctdct tc atttct ctitt gacagtc.tct act cota agg to atc catt c 26 O 

t ctittaggta t cittittggcc ticagtttgag cacagoagat cccaagacca catatgc cat 32O 

agcataggct attatagt ca accttittgaa taaatgtgat tdaactittat gttagtaatt 38O 

cittatttacc atctitccitat caaaaaggct taaagtic titc atttaatgct citcct tcatg 44 O 

tccattttgt taaatgattg ccttittaatg a catc.ttaga actitcagaac tattt cacca SOO 

tggaggatgt gtaagattag cct tittatca aataaaaagt gtgaaatgga atatgtaatc 560 

t cattaatcc attctggctic taaaattctg tdactat cag ataaaattica gaaataaaat 62O 

agtatt acta atataaataa atttittatca taattatatt toctaagttt togcct gtaag 68O 

aatggg taaa at atctittaa aaccttgaag aaatt attac ttgatagaaa gtttaatcca 74 O 

tctgtgagaa goggaaatgta titcagacaca actaaagttct ct cittctat tittaattitca 8OO 

tittatc.ttga act aag actic cactgttt catcct cittaga tigctgctact tdaacaatat 86 O 

tgttittgaga ccaaaaacta gcatattaac acaattic titc ttaaacgt.ct taagagttitt 92 O 

gttt cottta ccc ctittctt taaaaacaag cagccactaa atttitt tagt agtgaattitc 98 O 

aaaatc ctitt tta acctitat agg to caagg gtagccaagg atggctgcag citt catatga 2O4. O 

t cagttgtta aagcaagttg aggcactgaa gatggagaac toaaatcttic gaCaagagct 21OO 

agaagata at tccaat catc ttacaaaact ggaaactgag gcatctaata tdaaggitatic 216 O 

aagactgtga cittittaattig tagtttatcc atttittatto agtatt ccct cittgtaaact 222 O 

tgaggtaaga cactitt actt aaaagtgt at tittaaattaa gcaataatat gtaaact citt 228O 

t cittgcaaaa gttagcattt at atttittaa ataagatata ttgaatt cat t cagtgaatc 234 O 

atataaagaa aataagtgta aaact coaat ggctagttag ttcttagttc tttittaagat 24 OO 

taaagagaag agaccalaata tag catcact gtact gaggc aaggttittct gtgtagttca 246 O 

tagaaactag 2470 

<210 SEQ ID NO 2 
<211 LENGTH: 2229 
&212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<4 OO SEQUENCE: 2 

t ctitt cct cq gcgctggctg gtgcgggttgggg.tcaggtg gagaa.gc.cgc tictttgttaa 6 O 
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<210 SEQ ID NO 3 
<211 LENGTH: 78.33 
&212> TYPE: DNA 

<213> ORGANISM: Homo Sapiens 

<4 OO SEQUENCE: 3 

gtc.tttggtg agatatgtgt tttacaagtt ttaatggaga aaaatgtaag tattttacct 6 O 

cctgaaactt ggctatttga gtaatgagaa aatagt cact titc.cccagga cagtggttct 12 O 

caat catggc tatgtgtttc. tcc aggaaaa ctittaaaaat atatatatac caatgcttct 18O 

gtgtcactitc tagggattico aagtc.tttga atacgaactic togcatcagta ttctittaatt 24 O 

atcCaggtga ttgttgatgtgaaat catgac tagc.cccac totctaaga tigaaataaac 3OO 

titt.cct cago actgaaatca caaacttaaa citaccaaaat taattaaggg catgggaatc 360 

aataaggcat agggaagctt ttacattata aaattatttic tittaaat cac agct cattgt 42O 

ttatatgtta tittgcc attg tagaaaaggg tdaaaaaata gcaaatttaa ttact ct cag 48O 

tittgaaaaat tat coaga aa tdaagatgac gactctgaaa cattgtcaat at catttgac 54 O 

ctataaataa tottctaata catttactac acactgatag at actttitt catatgaatat 6OO 

tata cattaa alactaaggca ataatgcatt tagaacattc tat citatatic tatgtat citt 660 

aagtaggcta gaaattaaga tatgagtt at taagtatgag atgttalaggt gtggggittag 72 O 

aaattatact gtactt catt at caataatc aacatatact t caatat cac atacatttaa 78O 

ctittaatttg tacatctitta act atttitta attatgtgta taaatataag tacacacatc 84 O 

tittatgtatt tatttatt ca tacct coatt cact tattta tataggggat coccc caaat 9 OO 

c cactaccat taalaccatac atttittattt taatctittag aacaag.ccca ggaggcaggit 96.O 

attgtt atta ct cacatttit acaaatgagg aaattgtcta cagt cacaaa gttactgtgt O2O 

caga catatt agaagcttaa tacatatttg gtgaacatat gcataaaaac agagaga cag O8O 

acatgtacaa cagct catct ttacactgag taaaagcttt taacctgtct cagaalacctic 14 O 

tctgttgaaaa Ctgagcaaaa atcgaggit at CCttt cattt gtcat at agg tataggtggit 2OO 

acct tact tc. tccaacaagg atgaatattgaaatgtggat cccaaggcc c aactic cagat 26 O 

tittctgaatc cct gatagtg ggacttggaa tttgtctatt gtttcaaagt ttct caagga 32O 

att catatga t caaccaggit to agaaatca citggat citta ttgc.cgaagt ttgagaatta 38O 

aagtttgggc Ctt actg.cgg Ct c cacagaa agggcaaatgaagitat catg gacagaactg 44 O 

atacgttc cc agittagtttc ccct ct caga agctaac agg cagcaataca gcagaaatta SOO 

gtgact tatgtcttgttgctic talagtoagg Cagaattitca cagagtic cca gcagtgtcac 560 

tgacgagatt tdtttcttgg ggcaagttgc ctdatgctitt caaagccata titcctttitat 62O 

ataaaatgag ataatatt ct ttgtct cata ggggtgttitt aaagattaaa taaaaataac 68O 

atgttctato ctacatggca caatgcctga cacctaagaa gcaaaggata catcttacct 74 O 

ttattgaagc aat Cagaaag tatgaaatca taaggagat aagagttctg attggcagtg 8OO 

tat cittattt toccaggttc atttatttat cittaalactat t cittgttgga gaataacticc 86 O 

caagcc cc ct acttaa.gctg tdagtaatct cacactittat aatgatgttc titt coat gag 92 O 

aaaaaaaaat gttcttaagt tttctggaga aaatatat cit gcact atttic tactgaaaaa 98 O 

tctaacaact ggactctgct c ct ctdcatc aattictagag togtatatgcc acaaataaag 2O4. O 

tgttctagot caagaagatt gaaagtaaat atggtatagt attittaaaat aagaattittg 21OO 
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taccattttg ggaat atctg ctaac attitt togct cittitta citatic tittag citt acttgat 318O 

atagitt tatt tdtgataaga gttittcaatt cot catttitt gaacagaggit gtttct c ct c 324 O 

t ccc tact co ttitttgttga gggagittagg ggaggattta aaagtaatta atacatgggt 33 OO 

aacttagoat citctaaaatt ttgccaacag cittgaac ccg ggagtttggc tittgtag to c 3360 

tacaat atct tagaagagac cittatttgtt taaaaacaaa aaggaaaaag aaaagtggat 342O 

agttittgaca atttittaatg gagaagggag aagaacatgt agaaaagggg aaatgatgtt 3480 

ggcttagaat cotaactaca ttggtgttta atataggaac atttattitat ataac attitt 354 O 

aaagtactaa attcat atta gtatattatc aaatggatat attatcaaat giggitttaagc 36OO 

atcc tacaca ttittaattica attgatt cat tittctttittg ctittggattt citat catgat 366 O 

ttaaat attt acatatgggit tacttitt tag atttitt cata citatgaaata taagaaaaac 372 O 

ctittaaggct agttittatga ccaagacgaa gogactitcatt gaatacacaa aacaataaat 378 O 

at actgcaac attttgtc.tt totttttgta gctgcaattt ggtttgctta tactittctict 384 O 

ttgtct ctitt gaaaactgag toagttt cac titt ct cagga caggatttaa taaccataat 3900 

ataatttagt ataatticcitt gatttaggca aattatgcaa tttgttgttta gitatgaaatg 396 O 

tacctaaaaa taagta actic ct ctittaa.ca ccaccatcct caaactaata taacaaataa 4 O2O 

cagttatcct aaaataaatt gttctact tcc accatgcago act caaattt taaggttgct 4 O8O 

atgactgcag acagtattitt aaaatticctic tictoggaaatg gctttgtttic caagatgatt 414 O 

taggaaccaa agaggtgacc atctottgtt taatgaactic ticaaatcata aacctgggaa 42OO 

gtgttittagt titcc tactgc tigctgttaca aattat caca aatgtgttag ctaaaacaaa 426 O 

cacaaaatta ttattt taca gttctagaga t cagaagtica aaaatgggtc. cacaaggttt 432O 

catt cottitt ggaaacticta aggggcaatc tdttt cottgtc.ttitt.ccag cittctagtga 438 O 

c catcaaatt cottggctica toggtotctgt attitt citctg toggcc tigtgc titc catt citt 4 44 O 

gtat cittct c tictogactgtg accct ctaat aaaaacactt ggggittatgt toggg.cccacc 4500 

ctgaaaattic toggataatct c cct caagac cattaattaa at cacatctg caaagcct ct 456 O 

tittgcc acat aagttaatgt attaaaagtt tttgaggatt aggacataga cattgggggt 462O 

gggggggc at tatt cago: ct accacaggala ggaattt tag ggittaattaa act agcCtt C 468O 

ttattittata cittgaagaaa ttgaagttitt ggaattggag agcattatgc taaatgaaat 474. O 

aagccaaaca cagaaagaca aatat cacat gttct cactt atctgtgaaa tataaaacaa 48OO 

ttacattctt agcagtaaag agtagaatgg ttt actag agctgggggg toggaggaat 486 O 

ggggagatgg taatcaagat at aaa.gc.ctic agittaagatg ggaggaataa gtttgattgt 492 O 

tttittittgag atgtgttt ca tag catgatgaatatagcta aatagtaaat cocaaatgct 498O 

ct catttgac aaaaatgtca aatatttgag atgatggata ggittact tag cittgacittaa 5040 

taattic cc cattgttgttcaa agat cataac titcat attgt accacataaa tatatacaac 51OO 

tgtact at co caatatataa ttittaaaact aatataatga aaaagaaatt gaagttcaac 516 O 

attic cc agaa gctaagtgta acttaaaagt tttgtgagaa tttgttittaa caaacaaaca 522 O 

agttitt ct ct ttittaacaat taccacattctg.cgcttgga tatacagcag tdaacaaaaa 528 O 

aaaaaaaaaa aaaaaaaatc. tcc aggccta acataatttic aggaagaaat titcagtagtt 534 O 

gtat ct cagg ggaaatacag gaagttagcc tigagtaaaa gtcagtctgt C cctgcc cct 54 OO 



US 2009/0047666 A1 Feb. 19, 2009 
27 

- Continued 

ttgctattitt gcc.cgtgcct cacagtgctic tictogcctgtg acgacagctic cqcagaagtt 546 O 

cggaggat at aatggaattic attgttgtact gaagaatgga tagagaactic aagaaggaaa 552O 

ttggaaactg gaa.gcaaatg taggggtaat tag acacctggggcttgttgt ggggg.tctgc 558 O 

ttggcggtga gggggcticta cacaa.gct tc Ctttc.cgt.ca to cqgccCC Caccctggct 564 O 

ctgaccattctgttct ct ct ggcagg 5666 

<210 SEQ ID NO 5 
<211 LENGTH: 2470 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 5 

aaagatgatt aaaagtttaa ttgtttattt gaagagttga ttitttittatt tttgtaataa 6 O 

aggg tattitt tag tagttitt tdtttattitt gtttatt cqg tttitttttgt gigttgtgtaa 12 O 

ggittataatt tttgttgttitt agtaaatttgttgtatgttta tttitttittitt tdttattatt 18O 

tttittttitta ttttgttitta ttattittgat gtaaaattat ttgttaattt tatttgaaat 24 O 

gagaaattitt aaggtttata ttatttaa at tttgttagat titt tatttitt gttatatggit 3OO 

ttataatgtg ttggg tattt ttagatttgt ttattaaaaa gatgtaaaat aaaataatga 360 

ttattitttgt gigattitttitt tittatttittg agatgtttitt tttggttgta ttatttittitt 42O 

atttitttgtt tattgattag aggaggggitt ttaattatgg gtgaattitta tattittattg 48O 

aagaggittat gttatatgta tatttittata atataattta tatttatata gtatttittat 54 O 

ttittagtata tttittttitta ttaattittaa taat attatt gtaagttatgttgaagtaga 6OO 

ttgtaagtgt ttatttataa attgttgaaat gaattaaaat gaaagggitaa agattaaatt 660 

atgattaggit ttgaaattaa tatataagat ttaattittitt ttaattaaag attitttgtag 72 O 

gtgattitttgtttgtaggat ttttittttitt ttittagatgt tattggattg tattaggittt 78O 

attgtagatt ttagt cqttg tagaattaat tagatttaag atgagtttitt tdatttittitt 84 O 

tggtagagtt ttittaattgt tdaattittaa tattgtcgtg attagttagt gttataattit 9 OO 

gtttgttitta ttttgttgtaa toggattitt at attatagagg tattitttitta atgttaagat 96.O 

gtttaagtat tdtttalagtg taaattattt aatattittitt agittattaag taattaagat O2O 

agg taggatt ttatttgttt taaaatgatt tdatttaaat taaaaagaga atgtggattit O8O 

tittgaattitt atttggittaa ttittaatata atttittagta ttittataatt ttttittaaag 14 O 

ttttitt tatt togttattitt ttg tatttitt tttgtttittt tttittttittt ttagttataa 2OO 

taattgttag attttgttitt atttittttitt gatagitttitt atttittaagg ttatttattt 26 O 

tttittaggta ttttittggitt ttagtttgag tatagtagat tittaagatta tatatgttat 32O 

agtataggitt attatagitta atttitttgaa taaatgtgat tdaattittat gttagtaatt 38O 

tittatttatt atttittitt at taaaaaggitt taaagtttitt atttaatgtt tttittt tatg 44 O 

tittattttgt taaatgattg ttttittaatg at attittaga attittagaat tattitt atta SOO 

tggaggatgt gtaagattag titttitt atta aataaaaagt gtgaaatgga atatgtaatt 560 

ttattaattt attittggttt taaaattittg tdatt attag ataaaattta gaaataaaat 62O 

agtatt atta atataaataa atttitt atta taattatatt ttittaagttt tdtttgtaag 68O 
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aatggg taaa at atttittaa aattittgaag aaattatt at ttgatagaaa gtttaattta 1740 

tttgtgagaa got aaatgta tittagatata attaaagttt tttitttittat tittaattitta 18OO 

tittattittga attaagattt tattgttitta tttttittaga tigttgttatt tdaataatat 1860 

tgttittgaga ttaaaaatta gtatattaat ataattittitt ttaaacgttt taagagttitt 1920 

gtttitttitta ttttittttitt taaaaataag tagtt attaa atttitt tagt agtgaattitt 198O 

aaaattittitt ttaattitt at aggtttaagg gtagttalagg atggttgtag ttittatatga 2O4. O 

ttagttgtta aagtaagttg agg tattgaa gatggagaat ttaaattitt C gataagagtt 21OO 

agaagata at tittaattatt ttataaaatt ggaaattgag g tatttaata tdaagg tatt 216 O 

aagattgttga tttittaattig tagtttattt atttittattt agtatttittt tttgtaaatt 222 O 

tgaggtaaga tattittattt aaaagtgt at tittaaattaa gtaataatat gtaaatttitt 228O 

ttttgtaaaa gttagt attt at atttittaa ataagatata ttgaattitat ttagtgaatt 234 O 

atataaagaa aataagtgta aaattittaat ggittagttag tttittagttt tttittaagat 24 OO 

taaagagaag agattaaata tag tattatt g tattgaggit aaggittttitt gtgtagttta 246 O 

tagaaattag 2470 

<210 SEQ ID NO 6 
<211 LENGTH: 2470 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 6 

ttagtttitta tdaattatat agaaaattitt gttittagtat agtgatgtta tatttggittt 6 O 

tttittttitta attittaaaaa gaattaagaa ttaattagtt attggagttt tatatttatt 12 O 

ttttittatat gatttattga atgaatttaa tatattittat ttaaaaatat aaatgttaat 18O 

ttttgtaaga aagagttitat at attattgt ttaatttaaa atatatttitt aagtaaagtg 24 O 

ttittattitta agtttataag agggaatatt gaataaaaat ggataaatta taattaaaag 3OO 

ttatagittitt gat atttitta tattagatgt tittagtttitt agttttgtaa gatgattgga 360 

attattittitt agttitttgtc. gaagatttga gttttittatt tittagtgttt taatttgttt 42O 

taataattga ttatatgaag ttgtag titat ttittggittat ttittggattt ataaggittaa 48O 

aaaggattitt gaaatttatt attaaaaaat ttagtggttgtttgtttitta aagaaagggg 54 O 

taaaggaaat aaaatttitta agacgtttaa gaagaattgt gttaatatgt tagtttittgg 6OO 

ttittaaaata at attgttta agtag tagta tittaa.gagga tigaaatagtg gagttittagt 660 

ttaagataaa tdaaattaaa atagaagaga gaattittagt tdtgtttgaa tatatttgtt 72 O 

tttittataga tiggattaa at tttitt attaa gtaataattt ttittaaggitt ttaaagatat 78O 

tittatttatt tittataggta aaatttagga aatataatta t dataaaaat ttatttatat 84 O 

tagtaatatt attittattitt tdaattitt at ttgatagitta tagaattitta gagttagaat 9 OO 

ggattaatga gattatatat tittatttitat attittittatt tdataaaagg ttaattittat 96.O 

at atttittta tdgtgaaata gttittgaagt tittaagatgt tattaaaagg taattattta 1 O2O 

ataaaatgga tatgaaggag agt attaaat galagattitta agtttittittg at aggaagat 108 O 

ggtaaataag aattattaat ataaagttta attatattta tittaaaaggit tdattataat 114 O 
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agtt tatgtt atggtatatgtggittittggg atttgttgttgtttaa attga ggittaaaaga 2OO 

tatttaaaga gaatggatga titt taggagt agagattgtt aaa.gagaaat galagtagagt 26 O 

ttgg tagtta t tatgattgg gaaagaagag gagagataaa gaagatataa aagatagitta 32O 

ggtaagagga titt taggaag aattatagaa tottaggagt tat attalaga ttaattalagt 38O 

aagatttagg agattitat at ttttitttitta gtttaggitta aattattittg gaataaataa 44 O 

aattttgttt attittaatta tittaatagitt aaaaagtatt aagtagtttg tatttaagta SOO 

at atttaaat attittgat at taaaaaaatgtttttgtaat atgaaattta ttatataaaa 560 

talaggtagat aggttgtaat attggittagt tacgataata ttggagttta gtaattggaa 62O 

gattitt atta aaggaaatta ggggattitat tittagattta gttagttitta taacggittag 68O 

aatttatagt aaatttggta taatttaatg at atttgagg aggaagggga gttttgtagg 74 O 

tagggattat ttataaaagt ttittggttga aaaaaattga gttttgttgttg ttaattittag 8OO 

gtttggittat gatttaattt ttgttitttitt attittaattt attittataat ttgtaaatga 86 O 

at atttataa tttgttittaa tataattitat agtgat atta ttaggattaa taaaaaaagg 92 O 

tatgttaaaa ataaaagtat tatgtaaatg taagttatat tatgaaaata tatatgtaat 98 O 

ataattittitt tagtaagata tagggittt at ttatagittaa gatttitttitt ttgattaatg 2O4. O 

ggta aggggt gaagaagitaa ttagttaaa ggagatattt taaaaataaa ggaaaaattit 21OO 

ataggagtga ttattattitt gttittatatt tttittaataa gtaggitttga aaatatttag 216 O 

tat attataa attatatgat agagg taggg atttgataga atttgaataa tdtgaattitt 222 O 

aaaattittitt attittaaata aaattaatag gtaattittat attaaaataa taaaataaaa 228O 

talagagaaaa gg tagtaata gagaaaaaaa tigg tatgta taagtttatt gagatataga 234 O 

agittataatt ttatataatt ataaaaagag ticggatgggit aagatgagta gagattgtta 24 OO 

aaagtattitt ttattatagg aataaaaaaa ttaattittitt agatgaataa ttaaatttitt 246 O 

aattatttitt 2470 

<210 SEQ ID NO 7 
<211 LENGTH: 2229 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 7 

tttitttitt cq gcgttggttg gtgcgggttggggittaggtg gagaagt cqt tttttgttaa 6 O 

ggtgatagala C9tgttgggg gtgggggtC9 gigttagggit C9gtgtaatt agggggtC9t 12 O 

tgtttitttitt toggatatagt gigaagtttitt titcgt attat taaattitttgttatttittitt 18O 

tgagggattt gtttittaggit agtacgtaag ttgttgtttc gggitt tattt cqtattttitt 24 O 

tattgggtga ggaaggagta ttittgaatgg agatgggggt gttitt cq9tt tatat atttg 3OO 

tagaga agag gtgttgtcggg ttgtatttitt ggaggtogcg gtaattgata ttagaga aga 360 

titt.cggttgt agttgggaag gtt tattggit taaagagg tdtttitttitt ttt tagtaaa 42O 

gggttttgtt taagggitt gttttittatt ttittagtgg tattatagga C9gtcggittt 48O 

ttatt cqaat tttitt.cggac gig tatt atta tatagt cqgg ttitt.cgtagt gttggitttitt 54 O 

taattic gatg attgtt attt C9gtgaggat ttgttgttgat ggit cqgagala ttittgcgttg 6OO 
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gtttittggtg agatatgtgt tittataagtt ttaatggaga aaaatgtaag tattittattt 6 O 

tittgaaattt ggittatttga gtaatgagaa aatagittatt tttitt tagga tagtggttitt 12 O 

taattatggit tatgtgttitt tttaggaaaa ttittaaaaat atatatatat taatgtttitt 18O 

gtgttattitt tagggattitt aagtttittga atacgaattt tdt attagta ttttittaatt 24 O 

atttaggtga ttgttgatgtgaaattatgat tdagttittat tdttittaaga tigaaataaat 3OO 

tttittt tagt attgaaatta taaatttaaa ttattaaaat taattaaggg tatgggaatt 360 

aataaggitat agggaagttt titat attata aaattattitt tittaaattat agtttattgt 42O 

ttatatgtta tttgttattg tagaaaaggg tdaaaaaata gtaaatttaa ttatttittag 48O 

tittgaaaaat tatttagaaa tdaagatgac gattittgaaa tattgttaat attatttgat 54 O 

ttataaataa tdttittaata tatttatt at at attgatag at atttittitt atatgaatat 6OO 

tatatattaa aattaaggta ataatgtatt tagaatattt tatttatatt tatgt attitt 660 

aagtaggitta gaaattaaga tatgagtt at taagtatgag atgttalaggt gtggggittag 72 O 

aaattatatt g tattittatt attaataatt aatatatatt ttaat attat atatatttaa 78O 

ttittaatttg tatatttitta attatttitta attatgtgta taaatataag tatatatatt 84 O 

tittatgtatt tatttattta tatttittatt tatttattta tataggggat ttttittaaat 9 OO 

ttattatt at taaattatat atttittattt taattitt tag aataagttta ggagg taggit 96.O 

attgtt atta tittatattitt ataaatgagg aaattgttta tagttataaa gttattgttgt O2O 

tagatatatt agaagtttaa tatatatttg gtgaatatat gtataaaaat agagagatag O8O 

atatgtataa tag tittattt ttatattgag taaaagttitt taatttgttt tagaaattitt 14 O 

tttgttgaaaa ttgagtaaaa atcgaggitat tttitt tattt gttatatagg tataggtggit 2OO 

attittattitt tittaataagg atgaatattgaaatgtggat tittaaggttt aattittagat 26 O 

tttittgaatt tttgatagtg ggatttggaa tttgtttatt gttittaaagt tttittaagga 32O 

atttatatga ttaattaggit ttagaaatta ttggattitta ttgtcgaagt ttgagaatta 38O 

aagtttgggt titt attgcgg ttittatagaa agggtaaatgaagtatt atg gatagaattg 44 O 

atacgtttitt agittagttitt ttitttittaga agittaatagg tagtaatata gtagaaatta SOO 

gtgatt tatgttttgttgttt togaagttagg tagaattitta tagagttitta gtag tdttat 560 

tgacgagatt tdtttitttgg ggtaagttgt ttgatgttitt taaagttata tttitttittat 62O 

ataaaatgag ataatattitt ttgttittata ggggtgttitt aaagattaaa taaaaataat 68O 

atgttt tatt ttatatggta taatgtttga tatttaagaa gtaaaggata tattittattt 74 O 

ttattgaagt aattagaaag tatgaaatta taaggagat aagagttittg attgg tagtg 8OO 

tattittattt ttt taggttt atttattt at tittaaattat ttttgttgga gaataattitt 86 O 

taagttttitt atttaagttg tdagtaattt tatattittat aatgatgttt tttittatgag 92 O 

aaaaaaaaat gtttittaagt tttittggaga aaatatattt gtatt attitt tattgaaaaa 98 O 

tittaataatt ggattttgtt ttitttgtatt aattittagag togtatatgtt ataaataaag 2O4. O 

tgttittagtt taagaagatt gaaagtaaat atggtatagt attittaaaat aagaattittg 21OO 

taaatatatg g tatgattgt gttatatt at tagtaattat atgatacgta atgtaaagta 216 O 

tagtttatag atttaaattit aattittaata agtaaattga titttgttttgttggggaaaa 222 O 

gttaaagtat taatttaatt gttaatgtag titttgttitat ttttittggta tittagtgata 228O 
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tgggittaata gattgtttitt ttttittgg ta gtttittaaat ttgg tattitt aataaaattit 69 OO 

aatatgttitt tataatttitt tdatt tatgc gtatatgtgt gttgtttittgaaagaataag 696 O 

ttittattttgttattgttta attatttittt agatgttitta t tatggtaat aattatgagt 7 O2O 

ttgtaaaaat aattitttgga aatgttgatg gttttgtagt ttaatataga ttggtttgtt 708 O 

ttatttittag tittttgtatt gttittaggaa ataattaatt taaatgtgaa gttgatattt 714. O 

gtaattaaga aattatatat ttattagata ttittaaaggg gattgtataa attaaagaga f2OO 

ataaattggit tttgtagata ggttgttaag aatttggitat titcgtttitta ttitttgttaa 726 O 

tittagaggtg attaatttitt atttgagtta aatagattat tatagaaaat attgttgtttg 732O 

tittatttitta ttattgaggit tttgtttittt ttttgtttgg atatattitta aataaggggt 7380 

tgttittagtic gttgaagtaa aagaataatt aaagatgggg aaatggtaala agggit attta 744. O 

gagatt atta ttagtttittt tittaaaatgt gigagttttgt gigittataaat attgtttatt 75OO 

taatgagtaa aaaataaaaa taaaaaaaaa ataggaagta aatgttaagt ttittattitat 756 O 

tattgttagt attaacgtaa gttittaaaaa atagt attat tagaaaagga tattaaagga 762O 

gaattgatta gaaaagaatt gtggaaaatg gaaacgaata ttgattattt aattagattit 768 O 

tgaggittatt agtagatagt gattttgtag tatagittata gttgttggat ttaaaattta 774. O 

ggataagtat tittaaagttt taaagtag td tttitttitttgttaaaaattt gtaagatgtt 78OO 

ttaatgattig gag tdtttitt tttgaatttg agg 78.33 

<210 SEQ ID NO 10 
<211 LENGTH: 78.33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 10 

ttittaaattit aaa.gagaata ttittagtt at taaaatattt tatagattitt taataaaaaa 6 O 

aagt attatt ttgaagttitt aaaat atttgttittaaattt taaatttaat aattatagitt 12 O 

gtattgtaag gttattgttt attgataatt ttaaaattta gttaagtgat taatatt cqt 18O 

ttittatttitt tataatttitt ttittagttaa ttttitttitta gtatttittitt ttgatagtgt 24 O 

tatttitttaa agtttgcgtt aatattgata gtggtgaatgaaagtttaat atttgtttitt 3OO 

tgtttitttitt ttatttitt at ttitttgttta ttaggtggat aatatt tatg attataaaat 360 

tittatattitt ggaaaagagt tagtgatgat ttittgaatat tttitt tatta ttitttittatt 42O 

tittaattgtt tttttgttitt aacgattgaa ataattittitt atttgaaatg tatttagata 48O 

aagaggaaat aaagttittaa taataaagat aaataggitat agtgttttitt gtgatggittt 54 O 

gtttggittta aatgaagatt gattatttitt aagttaatag gggtggaagc ggggtgttaa 6OO 

gtttittgata atttatttgt aaaattagtt tatttitttitt agtttatgta gtttitttitta 660 

aaat atttgg taaatatgta atttitttgat tdtaaatgtt aattittatat ttaagttagt 72 O 

tatttitttaa aataatgtaa goggittaggaa tdaagtaaat tagtttgttgt toggattataa 78O 

agittattaat atttittaaaa attgtttittg taggtttata attatt atta taataaagta 84 O 

tittaaaaagt gattaggtaa tagtaaagtgaaatttattt ttittaaaaat aatatatatg 9 OO 

tacg tatgaa ttaagaagtt atagaaatat gttgagttitt attaaaatgt taaatttaga 96.O 
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ggcggaggtg 

gggcgttittg 

ggatgtaggt 

gaaagagggit 

tattitt titat 

taggcgttitt 

atttagttta 

cgtag titt at 

ggtcgggata 

tgtcgggagt 

gtttagg tag 

gcgacgaga.g 

tittagcggga 

tagittagata 

titcggggata 

ttagtgttitt 

tttttgttitt 

ttitt ttitt tt 

aattitt ttitt 

tittaataggit 

aacgggatta 

ttittaagtat 

gagatgtgat 

aatttattitt 

ttittaaagat 

tattittagtic 

agattagacg 

ggaaatagaa 

atttittitt cq 

aattittatag 

attaggittta 

tgtag taatt 

agaattittag 

ttittggtata 

aaattittaala 

aggttttitta 

ttgttg tatt 

gtaagt atta 

ttagaggagt 

ttggcgat.cg 

tgggaatgtc. 

gagagg.cgat 

aagagcgtgt 

ttt tttitt tt 

agcgttcgta 

tag tdtgttt 

agtggtttga 

tgattittgcg 

aaggtttaat 

agggitaaacg 

tatttitt tag 

agggtggaga 

ggatgttitta 

tgtttttgtt 

ttt tttitt tt 

ttgttgtttitt 

aattagtgtt 

titt attitt tt 

tittaatttitt 

cgtgtagt at 

titt attitt at 

ttittgaattit 

ggtgg tattt 

ttggaggt at 

tatttattag 

ttataggttt 

tagagaatga 

tgaaaataag 

atgataatga 

agaattittitt 

tttitttaata 

ggagittaatt 

aattattaala 

tattttgtat 

ttalagtggta 

agtag tagta 

gcgttittagc 

gcggcggaga 

ggtgttagaa 

aattittaagg 

tttitt tttitt 

ggtttgaatt 

atttgggagg 

gagaaagaga 

tagcggcgtt 

titt titt at to 

tCgg taggag 

gtatagcggg 

tittaatggaa 

ggaat attitt 

tagggalagag 

tatt t t t t tit 

tcqtttittaa 

tttitttgttgt 

tatttittaat 

gtagatatta 

aattitt ttitt 

tittagtgttt 

attitt cqttt 

tag tdtttitt 

cgtttitttat 

tagaaaatcg 

atagagttgt 

ttagtagaga 

gaatatgtta 

titatgtttga 

aataggattit 

agtagaggaa 

atatatgttt 

attggttgta 

tagtttgaag 

ttagtgttat 

gaagaatatt 

ggg tagaga.g 

gtgcgggagc 

ggittagggac 

tcqttitttgt 

ttgttcgt.cg 

tttitt tttitt 

ttitt t t t t ta. 

tgcggittaga 

aaggttttitt 

cgggalagggg 

gggttitttgt 

tttittggittt 

att cqtttitt 

ttittagt cqt 

tttitt tatga 

tttitt tttitt 

togtttittitt 

aagttitt.cgg 

tttittgaatt 

tatttaaaag 

gtagaaaaat 

tatttittittg 

taacgaaatt 

tcgttcgaga 

tatttittggit 

cgacgaagat 

gtttittagat 

taattaatat 

aggtaatata 

ttttittatag 

aattaaaggt 

gttaggattt 

aattgtttitt 

tttittaagac 

attggittaat 

taaagtttitt 

agtgttatta 

atttattgag 

37 

- Continued 

ggg.cgagtcg gC9C9ggaga 

gcgt.cgttta ggttgtaggg 

gtttittt tag ggatttatag 

cgatttggala gtaat agtag 

agg tagttta gtt attt cqg 

ttaggitttitt cqtag titt.cg 

ttatt cqttt tttitt tagtt 

tgttgtttgga aggttagatt 

tgtatacgt.c gcgggtgggit 

agagcgggitt ttatttgttg 

cggatggtcg gttgatttggg 

tgcgcgttitt ttittatttitt 

cgtttgttgt atttitttagg 

tagtaacggg attaa.gagtt 

tcggggittat tattgtagtt 

ggtgttgttgat tatttagtga 

tttittatttt tttttgttat 

at t t t t t t t t t t t t tattta 

taggagagta tittgataata 

agg tattitat at attittgaa 

aaattgtatt cqagtaattit 

ttttittaatt tttitttttga 

tttittttittt ttttgttgttga 

ttgttttittt tttittttitat 

aattaagtag tagattittag 

titt attaaaa tagattaatt 

agagtagtta aattittittaa 

tgtaaaataa gga attagaa 

aatatagatt aagatttaat 

talaggttggt gtggtaatta 

aaagtttitta aaagtgttta 

tagagtttgg ttatgtaagt 

gaatttitttgttaagtaaat 

gttttgttaa aagtaagtta 

aaatgcggitt gtttittatag 

ttaatgggaa tdttgtaatt 

agaaataaat tittgaaattg 

tagagaattig tattattgaa 

33 OO 

3360 

342O 

3480 

354 O 

36OO 

366 O 

372 O 

378 O 

384 O 

3900 

396 O 

414 O 

42OO 

426 O 

432O 

438 O 

4 44 O 

4500 

456 O 

468O 

474. O 

48OO 

486 O 

492 O 

498O 

5040 

516 O 

522 O 

528 O 

534 O 

54 OO 

546 O 

552O 

Feb. 19, 2009 
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tatgtaaata aaaatatata tattatttag atttgttatt agg tattaaa gaagtagata 558 O 

agattg tatt agtaattgga ttagtgttitt aatttitttitt tagtaaggta aaattagttt 564 O 

attt attaga attaaattta agtttatgaa ttg tattittg tattgcgitat tatatgattg st OO 

ttagtaatat gatataatta tattatgt at ttgtaaaatt tittattittaa aat attatat 576. O 

tatatttatt tittaatttitt ttgagttaga at attittatt tdtggtatat at attittaga 582O 

attgatgtag aggagtagag tittagttgtt agattittitta gtagaaatag tetagatata 588 O 

tttitttittag aaaatttaag aatatttittt tttitt tatgg aaagaatatt attataaagt 594 O 

gtgagatt at ttatagittta agtagggggit ttgggagitta ttttittaata agaat agttt 6 OOO 

aagataaata aatgaatttg ggaaaataag atatattgtt aattagaatt tittattttitt 6 O6 O 

titatgattitt at atttitttg attgttittaa taalaggtaag atgtatttitt tdtttitt tag 612 O 

gtgttaggta ttgttgttatg taggatagaa tatgttattt ttatttaatt tittaaaatat 618O 

ttittatgaga taaagaat at tattittattt tatataaaag gaatatggitt ttgaaagtat 624 O 

tagg taattt gttittaagaa ataaattt cq t tagtgatat tdttgggatt ttgttgaaatt 63 OO 

ttgtttgatt ttagagtata agatataagt tattaattitt togttg tattg ttgtttgtta 636 O 

gtttittgaga gqqgaaatta attgggaacg tattagttitt gtt tatgata ttittatttgt 642O 

tttittttgttg gag togtagt aaggtttaaa ttittaattitt taaattt cqg taataagatt 648 O 

tagtgattitt tdaatttggit tdattatatgaattittittga gaaattittga aataatagat 654 O 

aaattittaag titt tattatt agggatttag aaaatttgga gttgggttitt gggatttata 66OO 

ttittaatatt tattitttgtt ggagaagtaa got attattt at atttatat gataaatgaa 666 O 

aggatatttic gattitttgtt tagtttittat agagaggttt ttgagatagg ttaaaagttt 672 O 

ttatttagtg taaagatgag ttgttgtata tdtttgttitt tttgtttitta totatatgtt 678 O. 

tattaaatat g tattaagtt tittaatatgt ttgatatagt aattttgttga ttgtagataa 6840 

tttittt tatt totaaaatgt gagtaataat aatatttgtt ttittgggittt gttittaaaga 69 OO 

ttaaaataaa aatgitatggit ttaatggtag toggatttggg gggattittitt atataaataa 696 O 

gtgaatggag g tatgaataa ataaatatat aaagatgtgt g tatttatat ttatatatat 7 O2O 

aattaaaaat agittaaagat gtataaatta aagttaaatg tatgtgatat tdaagtatat 708 O 

gttgattatt gataatgaag tatagtataa tttittaattt tatattittaa tattittatat 714. O 

ttaataattt at attittaat ttittagttta tittaagatat atagatatag atagaatgtt f2OO 

ttaaatgitat tattgttitta gttittaatgt ataat attta tatgaaaaag tattt attag 726 O 

tgttgtagtaa atgtattaga at attattta taggittaaat gat attgata atgttittaga 732O 

gtcgittattt ttatttittgg ataattittitt aaattgagag taattaaatt tdttatttitt 7380 

ttatttittitt ttataatggit aaataatata taaataatga gttgttgattit aaagaaataa 744. O 

ttittataatg taaaagttitt tittatgttitt attgatttitt atgtttittaa ttaattittgg 75OO 

tagtttalagt ttgttgattitt agtgttgagg aaagtttatt ttattittaga gtagtggggt 756 O 

ttagittatga ttittat atta taattatttg gataattaaa gaatattgat gtagagttcg 762O 

tatttaaaga tittggaattt ttagaagtga tatagaagta ttggtatata tatatttitta 768 O 

aagtttittitt ggagaaat at at agittatga ttgagaatta ttgttittggg gaaagtgatt 774. O 

attitttitt at tatttaaata gttaagttitt aggaggtaaa at atttatat tttitttittat 78OO 
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taaaatttgt aaaatatata ttitt attaaa gat 78.33 

<210 SEQ ID NO 11 
<211 LENGTH: 5666 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 11 

aaaattagaa tttittattitt tttgcgtttgttatatttitt tagtgttgtt taattitttitt 6 O 

ttgtaagtga gggtggtgga gggtgttt at aattitttitta gggagtaagt tittittittggit 12 O 

ttttittttitt tttitttittitt tttitttttitt toagattaag titt cqtttitt gttttittagg 18O 

ttggagtgta atgg.cgcg at titcggittt at tdtaattittc gtttittttitt gggtttaagc 24 O 

gattitttitta tattagttitt cqagtagttg ggattatagg tatgcgittat taagttt cqt 3OO 

taattttgta ttttittagta gagatagggit titcgittatgt toggittaggitt tdttt cqaat 360 

ttittggittitt aggtgatt.cg tttgtttcgg tttitt tagaa tittgggatt at agacgtga 42O 

gttatcgitat t cqgatttitt tttittatgta at agtgataa ttt tatttaa agtattttitt 48O 

tttitttitttg agt cqgagtt ttattttgtt atttaggttg gagggtggtg gcgcgattt C 54 O 

ggitt tattgt aattitttgtt titt cqggttt aag catttt tttgttt tag titttittgagt 6OO 

agttggaatt atatacgtgc gtt attatgg ttagttaatt tttgt attitt tagtagagac 660 

ggggtgtt at tattittggitt aagttggttt cqaatttittg attittaggtg atttgttcgt. 72 O 

titcggtttitt taaagtgttg ggattatagg tdtgagttat cqcgttttgt tittaaagtat 78O 

tttittttitta tdttittaaaa taagattgta agittagttitt taaag.cggat aatttaa.gag 84 O 

ttaataggta ttagtttagg atgtgtggta ttgtttittaa gotttatatg tattaatata 9 OO 

ttatttaaat ttataataat ttittataaag taggggg tat ttatatttitt tttitttittitt 96.O 

ataattacga aaaatgtaag gtatttittag taggaaagag aaatgtgaga agtgtgaagg O2O 

agataggata gtatttgaag ttggtttittg gattattgtg taattttgtt tttagaatat O8O 

tgagtattitt ttittggittta ggaattatga ttittgagaat ggagttcgtt tttittaatga 14 O 

tttitttittitt atttittitt at ttgtttatag gtagaattitt ttitt.cgttcg tattaaataa 2OO 

attittattitt tttagagttt gtttittatat taggtaatgt atacgtttga gaaatttittg 26 O 

ttittagatag ticgttittata cqtaggaggg gaaggggagg ggaaggagag agtagttcga 32O 

ttttittaaaa goaattittitt gaattagggit ttittgattta gtgaattitcg cqtttittgaa 38O 

aattaagggit taggggg tagggggatatt ttt tagt cqt at aggtgatt tdgattitt.cg 44 O 

gtggggttitt tataattagg aaagaatagt tttgtttittt tittatgatta aaagaagaag SOO 

titat atttitt tittatgat at taaat atttic gatttaattt gg tagttagg aaggttgtat 560 

cgcggaggaa ggaaacgggg C9ggggggga tttittttitta atagagtgala C9tatttaaa 62O 

tacgtttttgttgg tagg.cg ggggagcgcg gttgggagta giggaggtcgg agggcggtgt 68O 

gggggg tagg toggaggag tittagtttitt tttittttgtt alacgttggitt ttggc gaggg 74 O 

ttgtttitcgg ttggtgttitt C9ggggagat ttaatttggg gcgattt tag gggtgttata 8OO 

titcgittaagt gttcggagtt aatag tattt tttitcgagta titcgtttacg gcgtttittitt 86 O 

gtttggaaag at atcgcggit tttitt tagag gatttgaggg at agggit cqg agggggttitt 92 O 
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titcgittagta 

atggagtcgg 

gttcgggg.tc 

tcqaatagitt 

gatggcgggc 

atttitt cqga 

ttttitttittg 

cgcgtataga 

ggaagtatgt 

aaagaaatgt 

tt tattitt tt 

atcgaatata 

tgtaatttitt 

gattagtttg 

gtggtgg tag 

atticgggagg 

gatagagtga 

gaagtaatta 

gtagga attt 

tatt attittg 

atagitt tatt 

ttitt tattitt 

aatttagtat 

tata at attt 

agttittgata 

ggtttagaat 

aaagtattaa 

attittatata 

ttaaat attt 

ttittaaggitt 

at attgtaat 

ttgtttittitt 

ataatttagt 

tatttaaaaa. 

tagittattitt 

atgattgtag 

taggaattaa 

tCggaggaag 

tCggcggttg 

cgg.cggggag 

ggg tagagga 

acggtcggag 

gattittggag 

aaaaggggag 

gcgacgttitt 

tttitt.cgaat 

tttitt attag 

aagatgtgtt 

ttattaggag 

aattittgatc 

ttattittggg 

gttaat aggt 

gcgtttgtaa 

ttgaggttgt 

gattttgtcg 

tatattgttgt 

aggaaataat 

ggaatatttg 

tgttgataaga 

tgttttgttga 

ttittaaaatt 

tagaagagat 

atttittaatg 

tittaattata 

attitat atta 

ttittaattta 

atatatgggit 

agttt tatga 

attttgttitt 

gaaaattgag 

ataattittitt 

taagtaattit 

aaaataaatt 

at agtattitt 

agaggtgatt 

aaagaggagg 

cggagagggg 

tag tatggag 

ggtgcggg.cg 

gtcgatttag 

gacgaagttt 

gtttitttggg 

gggggtttgg 

gttgagaaga 

atataaaatt 

gggattattt 

ggatt attag 

gaaattattt 

agattaaggc 

gaaattitcgt. 

ttittagttat 

agtgaatagc 

aaagaaagaa 

ttatttittaa. 

gagttatatt 

ttaat attitt 

gtttittaatt 

gggagttagg 

ttgttaatag 

tittatttgtt 

gagaagggag 

ttggtgttta 

gtatattatt 

attgattitat 

tatttitt tag 

ttalagacgaa 

tttittttgta 

ttagtttitat 

gatttaggta 

tttitt taata 

gtttatttitt 

aaaattittitt 

atttitttgtt 

ggttggttgg 

gagagtaggt 

ttitt.cggttg 

ttgttggagg 

gtggg tagag 

gtaggggaat 

gagtttittag 

gaagttalagg 

tttgaagggg 

tacgaacgtt 

agtttittaat 

tggaaatttg 

agaag.cggtc 

ggggggalatt 

ttitt attaala 

tCgggaggtt 

gagatggagt 

agagagaaag 

ttgagtaggg 

tatgtgatta 

tgtttittitta 

titt tatt titt 

ggaggattta 

tittgaatticg 

taaaaataaa. 

aagaatatgt 

atataggaat 

aaatggatat 

tttittttittg 

atttitttata 

ggattittatt 

gttgtaattit 

tttitt tagga 

aattatgtaa 

t tatt at titt 

attatgtagt 

tittggaaatg 

taatgaattit 

40 

- Continued 

tt attagagg gttggggcgga 

agcgggcggc ggggagtagt 

attggttggit tacggtc.gc.g 

cgggggcgtt gtttalacgta 

ggitttgtagc gggagtaggg 

tggaattagg tagcgtttcg 

aaggggtttg taattataga 

aagaggaatg aggagttacg 

ggaatatatt tdt attagat 

tgggataaaa agggagttitt 

ttatagatat ttggatggag 

tggtgtatgt taataaat 

gggcgcggtg ttttacgttt 

atttgaggit c ggagttcga 

aatataaaaa gtagt cqggg 

gagg taggag aatcgtttga 

tattittattt tagtttgggit 

agaga.gagaa aaattattta 

taaataaata tatgtttgtt 

ttittagaggit aatatgtagt 

ttattitt tag tittatttgat 

gaatagaggit gtttittittitt 

aaagtaatta atatatgggit 

ggagtttggit tttgtag titt 

aaggaaaaag aaaagtggat 

agaaaagggg aaatgatgtt 

atttatttat attaat attitt 

att attaaat giggitttalagt 

ttittggattt ttatt atgat 

titatgaaata taagaaaaat 

gaatatataa aataataaat 

ggtttgttta tatttitttitt 

taggatttaa taattataat 

tttgttgttta gitatgaaatg 

taaattaata taataaataa. 

atttaaattt taaggttgtt 

gttttgttitt taagatgatt 

ttaaattata aatttgggaa 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

3 OOO 

3 O 6 O 

312 O 

318O 

324 O 

33 OO 

3360 

342O 

3480 

354 O 

36OO 

366 O 

372 O 

378 O 

384 O 

3900 

396 O 

414 O 

42OO 

Feb. 19, 2009 
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gtgttittagt tttittattgt togttgttata aattattata aatgtgttag ttaaaataaa 426 O 

tataaaatta ttattittata gttittagaga ttagaagtta aaaatgggitt tataaggttt 432O 

tatttitttitt ggaaattitta agggg taatt tdtttittttgttitttitt tag tttittagtga 438 O 

ttattaaatt ttittggittta toggttitttgt atttitttittg toggtttgttgt ttittatttitt 444 O 

gtatttitttt tttgattgtg atttitttaat aaaaatattt ggggittatgt togggtttatt 4500 

ttgaaaattt toggataattt tttittaagat tattaattaa attatatttg taaagtttitt 456 O 

tttgtt at at aagttaatgt attaaaagtt tttgaggatt aggatataga tattgggggt 462O 

gggggggt at tatttagttt attataggala ggaattt tag ggittaattaa attagtttitt 468O 

ttattittata tittgaagaaa ttgaagttitt ggaattggag agt attatgt taaatgaaat 474. O 

aagttaaata tagaaagata aat attatat gtttittattt atttgttgaaa tataaaataa 48OO 

titat atttitt agtagtaaag agtagaatgg ttt attag agttgggggg toggaggaat 486 O 

ggggagatgg taattalagat ataaagttitt agittaagatg ggaggaataa gtttgattgt 492 O 

tttittittgag atgtgttitta tag tatgatgaatatagitta aatagtaaat tittaaatgtt 498O 

tittatttgat aaaaatgtta aatatttgag atgatggata ggittatt tag tittgatttaa 5040 

taattittitta ttgttgtttaa agattata at tittatattgt attatataaa tatatataat 51OO 

tg tatt attt taatatataa ttittaaaatt aatataatga aaaagaaatt gaagtttaat 516 O 

atttittagaa gttaagtgta atttaaaagt tttgtgagaa tttgttittaa taaataaata 522 O 

agtttitttitt ttittaataat tattatattt tdcgtttgga tatatagtag tdaataaaaa 528 O 

aaaaaaaaaa aaaaaaaatt tttaggttta atataattitt aggaagaaat tittagtagtt 534 O 

gtattittagg ggaaatatag gaagttagtt tagtaaaa gttagtttgt ttttgtttitt 54 OO 

ttgttattitt gttcgtgttt tatagtgttt tttgtttgtg acgatagittt cqtagaagtt 546 O 

cggaggat at aatggaattt attgttgtatt gaagaatgga tagagaattit aagaaggaaa 552O 

ttggaaattig galagtaaatg taggggtaat tagat atttggggtttgttgt gggggtttgt 558 O 

ttggcggtgagggggttitta tataagttitt tttitt cqtta tdtcqgttitt tattittggitt 564 O 

ttgattattt tdtttitttitt gg tagg 5666 

<210 SEQ ID NO 12 
<211 LENGTH: 5666 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 12 

tttgttagag agaatagaat ggittagagtt agggtggggg togg tatgac ggaaaggaag 6 O 

tttgttgtaga gtttittittat cqttalagtag atttittatat aagttittagg tdtttaatta 12 O 

tttittatatt tdtttittagt ttittaattitt ttttittgagt tttittattta ttttittagta 18O 

tataatgaat titt attatat ttitt.cgaatt tttgcggagt tdtcqttata gg tagagagt 24 O 

attgtgaggit acgggtaaaa tagtaaaggg gtagggatag attgatttitt attittaggitt 3OO 

aatttitttgt atttitttittg agatataatt attgaaattt ttttittgaaa titatgttagg 360 

tittggagatt tttitttitttt tttitttttitt tdtttattgt togtatattta agcgtagaat 42O 

gtgg taattg ttaaaaagag aaaatttgtt tdtttgttaa aataaattitt tataaaattit 48O 
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ttaagttata tittagtttitt gggaatgttgaattittaatt tttitttittat tat attagtt 54 O 

ttaaaattat at attgggat agtatagttg tatatattta totggtataa tatgaagtta 6OO 

tgatttittga atataatggg gaattattaa gttaagttaa gtaatttatt tattattitta 660 

aatatttgat attitttgtta aatgagagta tittgggattt attatttagt tatatttatt 72 O 

atgttatgaa atatattitta aaaaaaataa ttaaattitat ttitttittatt ttaattgagg 78O 

ttittatattt tdattatt at ttttittattt tttittattitt ttagttt tag taattattat 84 O 

tittattittitt attgttaaga atgtaattgt tittatattitt atagataagt gagaatatgt 9 OO 

gatatttgtt tttttgttgtt toggtttattt tatttagtat aatgttttitt aattittaaaa 96.O 

ttittaattitt tittaagtata aaataagaag gttagtttaa ttaattittaa aatttitttitt O2O 

tgtgg taggit togaataatgt tttitt tattt ttaatgttta tdttittaatt tittaaaaatt O8O 

tittaatatat taattitatgt gigtaaaagag gttttgtaga tigtgatttaa ttaatggittt 14 O 

tgagggagat tatttagaat ttittagggitg ggtttaatat aattittaagt gtttitt atta 2OO 

gagggittata gttagagaga agatataaga atggaagitat aggttataga gaaaatatag 26 O 

agattatgag ttalaggaatt tatggitt at tagaagttgg aaaagataag gaaatagatt 32O 

gttttittaga gtttittaaaa gogaatgaaat tttgtggatt tatttittgat ttittgattitt 38O 

tagaattgta aaataataat tttgttgtttgttt tagttaa tatatttgttgataatttgta 44 O 

at agtagtag taggaaatta aaatatttitt taggtttatg atttgagagt ttattaaata SOO 

agagatggitt atttittittgg tttittaaatt attittggaaa taaagttatt tttagagagg 560 

aattittaaaa tattgtttgt agittatagta attittaaaat ttgagtgttg tatggtggaa 62O 

gtagataatt tattittagga taattgtt at ttgttatatt agtttgagga tiggtggtgtt 68O 

aaagaggagt tatttattitt taggtatatt titat attaaa tataaattgt ataatttgtt 74 O 

taaattaagg aattat atta aattatatta tdgtt attaa attttgttitt gagaaagtga 8OO 

aattgattta gtttittaaag agataaagag aaagtataag taaattaaat td tagttata 86 O 

aaaagaaaga taaaatgttg tagtatattt attgttttgt gtatttaatgaagtttitt.cg 92 O 

ttittggittat aaaattagtt ttaaaggttt tttittatatt ttatag tatgaaaaatttaa 98 O 

aaagtaattt atatgtaaat atttalaatta tdatagaaat ttaaagtaaa aagaaaatga 2O4. O 

attaattgaa ttaaaatgtg taggatgttt aaatttattt gataatatat ttatttgata 21OO 

at at attaat atgaatttag tattittaaaa tdttatataa ataaatgttt titat attaaa 216 O 

tattaatgta gttaggattt taagttaata ttatttittitt ttttittatat gtttittttitt 222 O 

tttittt tatt aaaaattgtt aaaattattt atttitttittt tttitttitttgtttittaaata 228O 

aataaggttt tttittaagat attgtaggat tataaagtta aattitt.cggg tittaagttgt 234 O 

tggtaaaatt ttagagatgt taagttattt atgitattaat tatttittaaa ttttitttitta 24 OO 

atttittitt at aaaataggag tagggagagg agaaatattt ttgtttaaaa atgagga att 246 O 

gaaaatttitt attataaata aattatatta agtaagttaa agatagtaaa agagtaaaaa 252O 

tgttagtaga tatttittaaa atggtaatta tat attattt ttggaatgat tatatgaatg 2580 

tggttt atta ttttittaagt ttittatagta aatatatatt tatttgttitt atttagttaa 264 O 

aaataaatat aatatgtagt tdtttittgaa taattitttitt tttitttittitt tttitttittitt 27 OO 

ttttitt cqat aaagttitt at tttgttattt aggttggagt gaagtggittt tattt cqttg 276 O 
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tittattataa titt tagttitt togggitttaa gogatttittt tdttittaatt titt coagtag 282O 

ttgggattat aggcgtttgt tattatttitc ggittatttitt td tatttitta gtagaggcga 288O 

ggttittattt gttggittagg ttggitttcqa attitt cqatt ttaggtgatt tttitt cqttt 294 O 

tgattittitta aagtgaaggg attataaggc gtgaggitatic gcgttcggit C gtttittgaat 3 OOO 

aattitcgatt aaaatttata titcgatattt attittaatat at attataga tttittattga 3 O 6 O 

taattitttitt tagtaagaaa gataagttitt atttaggitat ttgttgaattig gaggittaagt 312 O 

agttittagta tattittatat ttttittaaga titttittttitt attittaaacg titcgtaaatt 318O 

ttgt atttga taaagagtat atttittattt aatataaata totttitttitt tttagattitt 324 O 

tittag tatt c gagagatttg tacgc.gcgtg gttttittatt tttitttittitt ggittttittaa 33 OO 

gtttittaggg cqtcqttagg aggaggtttgttgattataaa tttitttittga aaattittitta 3360 

ggaagtttitt tttitttitt cq gagaatcgaa gogttatttg attittaattt ttttgtaaat 342O 

titcgttttitt agagtc.gttc gttatttittt gttitt cqttg tagattittitt atttatttgg 3480 

atcggtttitc gatcgtaatt attcggtgcg ttgggtagog titt togttitt tagtagcgtt 354 O 

cg tatttittt ttattogatt t cqggtcgcg gtcgtggitta gttagttagt calaggttitt 36OO 

atgttgttitt togtogtogg ttt tatgttgtttitt cqtcg titcgttgttt gtttittttitt 366 O 

ttitt cqtagt cqt cdagcgt acgcggttcg ttittatttitt toggtgattag titagttttitt 372 O 

tttitttittitt titt cqgtgtt gg.cggaagag tittttitt cqa ttttgtttitt taaattittitt 378 O 

ggagggat.cg cgg tatttitt ttagg taagg ggacgt.cgtg agcgagtgtt C9gaggaggit 384 O 

gttattaatt togagtattt agcgaatgtgg tatttittga agt cqttitta ggttgggittt 3900 

ttitt.cggggg tattagt cq9 aagtagttitt C9ttagagtt agcgttggta aggaaggagg 396 O 

attgggttitt tttittatttgttttittatat cqtttitt cqg tttittttgtt tttagt cqcg 4 O2O 

ttttitt cqtt tottagtaaa gogo.gtgtttg agtgcgttta ttttgttaaa aagaaatticg 4 O8O 

ttitt cqtttic gtttittttitt titcgcgatat aattitttitta attgttaaat tdaatcgggg 414 O 

tgtttggtgt tatagggaaa gtatggtttt tttittittaat tataagaaaa agtaaaatta 42OO 

tttittttitta gttgtgagag ttittatcgag aatcgaaatt atttgtacga ttagaaagtg 426 O 

tttittt tatt tttittaattt ttgatttitta ggagcgcggg gtttattaag titagaaattit 432O 

tagtttaaag gatttitttitt ggaga.gtcgg attgtttittt tttitttittitt tttitttittitt 438 O 

tittgcgtgta aaacggttgt ttggggtaag ggtttitt tag acgtgtatat ttittggitat 4 44 O 

aagagtag at tittgaaaaga tigaggittt at ttaatacgga C9ggggagala ttttgtttgt 4500 

aggtagatag gaaaatgggg agggagtt at taaggacg gattittattt ttaaagttat 456 O 

aatttittaga ttagaaaaag tdtttagtgt tittagaagta gagttgtata gtgatttaaa 462O 

gattagttitt aaatattgtt ttgttitttitt tatattittitt at atttittitt tttittattga 468O 

aaat attittg tatttitt.cgt aattataaag ggggaaggga atatgagtgt ttitttgttitt 474. O 

ataggggttgttgtgagttt aaatgatgta ttaatatata taagttittaa gaatagtgtt 48OO 

atatattitta agittaatatt tdttagttitt tdaattatto gttittgagga ttggtttgta 486 O 

attttgttitt gaggtataga aagaaaatgt tttggagtag gacgcggtgg ttt at atttg 492 O 

taattittagt attittgggaa gtcgaggcgg gtagattatt taggittagg agttcgaggt 498O 

tagtttggitt aaaatggtga tattt cqttt ttattaaaaa tataaaaatt agttggittat 5040 
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ggtggcgtac gtgtgtaatt ttagttattt aggaggttga gg taggaga a ticgtttgaat 51OO 

tcgggaggta gaggttgtag taagttctgaga t cqcgittatt atttitt tagt ttgggtgata 516 O 

gaatgagatt togatttaaa aaaaaaaaaa aatgttittgg atagaattat tatt attata 522 O 

taaaagga aa gttcggatgc ggtggitttac gtttataatt ttagt attitt gggaggit ca 528 O 

gataggcgga t tatttgagg ttaggagttc gagataagtt tattaatat ggc galaattit 534 O 

tgtttittatt aaaaaatata aaattagcgg ggtttggtgg cqtatgtttg taattittagt 54 OO 

tatt.cggagg ttgatgtagg agaatcgttt gaatttagga gaaggcggag gttgtagta 546 O 

gtc.gagat.cg cgittattgta ttt tagtttg ggagataaga gcgaaatttg gttittaagaa 552O 

aaaaagaaag aaagaaagaa agaaagatta agaagaattt atttitttgaa aagattatgg 558 O 

gtatttittta ttatttitt at ttataaagaa aagttaaata gitattaaaga gtataataag 564 O 

cgtaaggagg taaaagttitt aattitt 5666 

<210 SEQ ID NO 13 
<211 LENGTH: 2470 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 13 

aaagatgatt aaaagtttaa ttgtttattt gaagagttga ttitttittatt tttgtaataa 6 O 

aggg tattitt tag tagttitt tdtttattitt gtttatttgg tttitttttgt gigttgtgtaa 12 O 

ggittataatt tttgttgttitt agtaaatttgttgtatgttta tttitttittitt tdttattatt 18O 

tttittttitta ttttgttitta ttattittgat gtaaaattat ttgttaattt tatttgaaat 24 O 

gagaaattitt aaggtttata ttatttaa at tttgttagat titt tatttitt gttatatggit 3OO 

ttataatgtg ttggg tattt ttagatttgt ttattaaaaa gatgtaaaat aaaataatga 360 

ttattitttgt gigattitttitt tittatttittg agatgtttitt tttggttgta ttatttittitt 42O 

atttitttgtt tattgattag aggaggggitt ttaattatgg gtgaattitta tattittattg 48O 

aagaggittat gttatatgta tatttittata atataattta tatttatata gtatttittat 54 O 

ttittagtata tttittttitta ttaattittaa taat attatt gtaagttatgttgaagtaga 6OO 

ttgtaagtgt ttatttataa attgttgaaat gaattaaaat gaaagggitaa agattaaatt 660 

atgattaggit ttgaaattaa tatataagat ttaattittitt ttaattaaag attitttgtag 72 O 

gtgattitttgtttgtaggat ttttittttitt ttittagatgt tattggattg tattaggittt 78O 

attgtagatt ttagttgttg tagaattaat tagatttaag atgagtttitt tdatttittitt 84 O 

tggtagagtt ttittaattgt tdaattittaa tattgttgtg attagttagt gttataattit 9 OO 

gtttgttitta ttttgttgtaa toggattitt at attatagagg tattitttitta atgttaagat 96.O 

gtttaagtat tdtttalagtg taaattattt aatattittitt agittattaag taattaagat 1 O2O 

agg taggatt ttatttgttt taaaatgatt tdatttaaat taaaaagaga atgtggattit 108 O 

tittgaattitt atttggittaa ttittaatata atttittagta ttittataatt ttttittaaag 114 O 

ttttitt tatt togttattitt ttg tatttitt tttgtttittt tttittttittt ttagttataa 12 OO 

taattgttag attttgttitt atttittttitt gatagitttitt atttittaagg ttatttattt 126 O 

tttittaggta ttttittggitt ttagtttgag tatagtagat tittaagatta tatatgttat 132O 
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agtataggitt attatagitta atttitttgaa taaatgtgat tdaattittat gttagtaatt 38O 

tittatttatt atttittitt at taaaaaggitt taaagtttitt atttaatgtt tttittt tatg 44 O 

tittattttgt taaatgattg ttttittaatg at attittaga attittagaat tattitt atta SOO 

tggaggatgt gtaagattag titttitt atta aataaaaagt gtgaaatgga atatgtaatt 560 

ttattaattt attittggttt taaaattittg tdatt attag ataaaattta gaaataaaat 62O 

agtatt atta atataaataa atttitt atta taattatatt ttittaagttt tdtttgtaag 68O 

aatggg taaa at atttittaa aattittgaag aaattatt at ttgatagaaa gtttaattta 74 O 

tttgtgagaa got aaatgta tittagatata attaaagttt tttitttittat tittaattitta 8OO 

tittattittga attaagattt tattgttitta tttttittaga tigttgttatt tdaataatat 86 O 

tgttittgaga ttaaaaatta gtatattaat ataattittitt ttaaatgttt taagagttitt 92 O 

gtttitttitta ttttittttitt taaaaataag tagtt attaa atttitt tagt agtgaattitt 98 O 

aaaattittitt ttaattitt at aggtttaagg gtagttalagg atggttgtag ttittatatga 2O4. O 

ttagttgtta aagtaagttg agg tattgaa gatggagaat ttaaatttitt gataagagtt 21OO 

agaagata at tittaattatt ttataaaatt ggaaattgag g tatttaata tdaagg tatt 216 O 

aagattgttga tttittaattig tagtttattt atttittattt agtatttittt tttgtaaatt 222 O 

tgaggtaaga tattittattt aaaagtgt at tittaaattaa gtaataatat gtaaatttitt 228O 

ttttgtaaaa gttagt attt at atttittaa ataagatata ttgaattitat ttagtgaatt 234 O 

atataaagaa aataagtgta aaattittaat ggittagttag tttittagttt tttittaagat 24 OO 

taaagagaag agattaaata tag tattatt g tattgaggit aaggittttitt gtgtagttta 246 O 

tagaaattag 2470 

<210 SEQ ID NO 14 
<211 LENGTH: 2470 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 14 

ttagtttitta tdaattatat agaaaattitt gttittagtat agtgatgtta tatttggittt 6 O 

tttittttitta attittaaaaa gaattaagaa ttaattagtt attggagttt tatatttatt 12 O 

ttttittatat gatttattga atgaatttaa tatattittat ttaaaaatat aaatgttaat 18O 

ttttgtaaga aagagttitat at attattgt ttaatttaaa atatatttitt aagtaaagtg 24 O 

ttittattitta agtttataag agggaatatt gaataaaaat ggataaatta taattaaaag 3OO 

ttatagittitt gat atttitta tattagatgt tittagtttitt agttttgtaa gatgattgga 360 

attattittitt agttitttgtt gaagatttga gttttittatt tittagtgttt taatttgttt 42O 

taataattga ttatatgaag ttgtag titat ttittggittat ttittggattt ataaggittaa 48O 

aaaggattitt gaaatttatt attaaaaaat ttagtggttgtttgtttitta aagaaagggg 54 O 

taaaggaaat aaaatttitta agatgtttaa gaagaattgt gttaatatgt tagtttittgg 6OO 

ttittaaaata at attgttta agtag tagta tittaa.gagga tigaaatagtg gagttittagt 660 

ttaagataaa tdaaattaaa atagaagaga gaattittagt tdtgtttgaa tatatttgtt 72 O 

tttittataga tiggattaa at tttitt attaa gtaataattt ttittaaggitt ttaaagatat 78O 
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tittatttatt tittataggta aaatttagga aatataatta t dataaaaat ttatttatat 84 O 

tagtaatatt attittattitt tdaattitt at ttgatagitta tagaattitta gagttagaat 9 OO 

ggattaatga gattatatat tittatttitat attittittatt tdataaaagg ttaattittat 96.O 

at atttittta tdgtgaaata gttittgaagt tittaagatgt tattaaaagg taattattta O2O 

ataaaatgga tatgaaggag agt attaaat galagattitta agtttittittg at aggaagat O8O 

ggtaaataag aattattaat ataaagttta attatattta tittaaaaggit tdattataat 14 O 

agtt tatgtt atggtatatgtggittittggg atttgttgttgtttaa attga ggittaaaaga 2OO 

tatttaaaga gaatggatga titt taggagt agagattgtt aaa.gagaaat galagtagagt 26 O 

ttgg tagtta t tatgattgg gaaagaagag gagagataaa gaagatataa aagatagitta 32O 

ggtaagagga titt taggaag aattatagaa tottaggagt tat attalaga ttaattalagt 38O 

aagatttagg agattitat at ttttitttitta gtttaggitta aattattittg gaataaataa 44 O 

aattttgttt attittaatta tittaatagitt aaaaagtatt aagtagtttg tatttaagta SOO 

at atttaaat attittgat at taaaaaaatgtttttgtaat atgaaattta ttatataaaa 560 

talaggtagat aggttgtaat attggittagt tatgataata ttggagttta gtaattggaa 62O 

gattitt atta aaggaaatta ggggattitat tittagattta gttagttitta taatggittag 68O 

aatttatagt aaatttggta taatttaatg at atttgagg aggaagggga gttttgtagg 74 O 

tagggattat ttataaaagt ttittggttga aaaaaattga gttttgttgttg ttaattittag 8OO 

gtttggittat gatttaattt ttgttitttitt attittaattt attittataat ttgtaaatga 86 O 

at atttataa tttgttittaa tataattitat agtgat atta ttaggattaa taaaaaaagg 92 O 

tatgttaaaa ataaaagtat tatgtaaatg taagttatat tatgaaaata tatatgtaat 98 O 

ataattittitt tagtaagata tagggittt at ttatagittaa gatttitttitt ttgattaatg 2O4. O 

ggta aggggt gaagaagitaa ttagttaaa ggagatattt taaaaataaa ggaaaaattit 21OO 

ataggagtga ttattattitt gttittatatt tttittaataa gtaggitttga aaatatttag 216 O 

tat attataa attatatgat agagg taggg atttgataga atttgaataa tdtgaattitt 222 O 

aaaattittitt attittaaata aaattaatag gtaattittat attaaaataa taaaataaaa 228O 

talagagaaaa gg tagtaata gagaaaaaaa tigg tatgta taagtttatt gagatataga 234 O 

agittataatt ttatataatt ataaaaagag ttggatgggit aagatgagta gagattgtta 24 OO 

aaagtattitt ttattatagg aataaaaaaa ttaattittitt agatgaataa ttaaatttitt 246 O 

aattatttitt 2470 

<210 SEQ ID NO 15 
<211 LENGTH: 2229 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 15 

tttitttitttg gtgttggttg gtgtgggttggggittaggtg gagaagttgt tttttgttaa 6 O 

ggtgatagaa tatgttgggg gtgggggttggggittagggit tdgtigtaatt agggggttgt 12 O 

tgtttitttitt toggatatagt gigaagtttitt tttgt attat taaattitttgttatttittitt 18O 

tgagggattt gtttittaggit agtatgtaag ttgttgttitt gggitt tattt td tattttitt 24 O 
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tattgggtga ggaaggagta 

tagaga agag gtgttgttggg 

ttittggttgt agttgggaag 

gggttttgtt taagggitt 

ttatttgaat ttttittggat 

taatttgatg attgttattt 

tgggtgtata tigittaggtg 

attgttitt at tittaaattgt 

ggggggittaa gatgttgag 

tttittttittg gtatatattt 

tattalaggta gggtgtgttt 

ttgggtaatt atttittttitt 

aagtttgaag tittggataaa 

aaggittaata tatttittatt 

tgaggg tagg alaggtgttga 

tgattittaga aattagagtt 

ttgtttittitt attgttgttgtt 

tittagtttgg tttgttggit 

tgggattgttg taaatgttitt 

aataaaatgg ggtttittggit 

aaaaaatgtt tttgttittaa 

ttittattgag atggttgttt 

tttitttittag agittaagtat 

gattatgtaa gttgattgat 

tittaataatt tttgttgtttg 

aaaaattaaa agtatttittt 

tttittgagta ggittittagtt 

tag tagttgttgttgtttitt 

atataaaata tattittagtt 

attttgttggt gitatggattg 

attgagttta atttgaaaaa 

ttggitttgttgtttittittaga 

gagagg taat aatttgttitt 

agggagaag 

<210 SEQ ID NO 16 
<211 LENGTH: 2229 
&212> TYPE: DNA 

&220s FEATURE: 
&223> OTHER INFORMATION: 

ttittgaatgg 

ttg tatttitt 

gtttattggit 

gttttittatt 

gg tatt atta 

tggtgaggat 

gtgtttggta 

tgtttgggtt 

gttittggggg 

titt tattitat 

ttitt tatgaa 

ttttittggitt 

tgttgttggat 

titt tattt ta. 

gattgagaag 

ttittgggatt 

ggtgttgtag 

gaggtttittg 

ggttgaagttg 

gttittgaagt 

tgttittataa 

taattaatag 

titt attatat 

ttaaaatatt 

gattagattg 

tttgttattt 

ttaggitttga 

gttgggittitt 

ttittaattaa. 

tgttggtgta 

ttgggattgg 

ttittggtgtt 

taataaaaat 

agatgggggt 

ggaggttgttg 

tggaaagagg 

tgtttagtgg 

tat agttggg 

ttgttgttgat 

ggtgatgttt 

taggttttitt 

taggaagttt 

ttattttgtt 

ttattittaag 

ttagg tattt 

gttaataatt 

gtttgttatt 

aagggatgtt 

ttgttgagat 

tgttgttgttggit 

gtgtagttgt 

t tattt tatt 

atttitttgaa 

tgtttaagga 

tgtatatata 

gtaaattata 

gagttittaat 

gtgaagtagg 

ttitt t t t taa. 

gtttittttgt 

tgtttttgtt 

atttaalatat 

ggggaaataa 

gtttittaggit 

gaga.gtgttg 

ttgttgttat 

ORGANISM: Artificial Sequence 
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gtttittggitt tatatatttg 

gtaattgata ttagaga aga 

tgtttitttitt ttt tagtaaa 

tattatagga tiggttggittt 

ttitttgtagt gttggitttitt 

ggttggaga a ttttgttgttg 

gggtgtagga tiggtgtttitt 

ggtttitttga at aggggttt 

tttittggitta agtgttttitt 

tatttittggg gtgagaggitt 

gtttittgagt ttgggggtt 

tagtttaggg gtttgtagag 

ttittatttitt gg tag tagta 

aaaataaagt ttgttgttggit 

ttggagaaag ttgtttagt 

ttitttgtagg gtgttittaat 

ttagggitttg gtgattittgg 

ttggaattitt g tattagaat 

taagaaatat tttgttagg 

atttittittaa aataattitat 

aatatgtaaa tdgtttgttt 

tataataatti tttittaattit 

ataaagaaaa gattgttgtaa 

ttaggitttitt tdtttittitta 

titatggaaat taataaagta 

aattaaataa tagttgttitt 

gattattitta tagttattta 

ttttittgggit tdtttitttgt 

gattittggta gaatttatat 

at atttitttg g tatttaatt 

ggt attt tag gggttittaat 

tttttgttggg togtggatg 

tgaattgaaa gtgaaaggga 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

216 O 

222 O 

2229 

chemically treated genomic DNA (Homo sapiens) 

Feb. 19, 2009 
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gaggaaaga 2229 

<210 SEQ ID NO 17 
<211 LENGTH: 78.33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 17 

gtttittggtg agatatgtgt tittataagtt ttaatggaga aaaatgtaag tattittattt 6 O 

tittgaaattt ggittatttga gtaatgagaa aatagittatt tttitt tagga tagtggttitt 12 O 

taattatggit tatgtgttitt tttaggaaaa ttittaaaaat atatatatat taatgtttitt 18O 

gtgttattitt tagggattitt aagtttittga atatgaattt tdt attagta ttttittaatt 24 O 

atttaggtga ttgttgatgtgaaattatgat tdagttittat tdttittaaga tigaaataaat 3OO 

tttittt tagt attgaaatta taaatttaaa ttattaaaat taattaaggg tatgggaatt 360 

aataaggitat agggaagttt titat attata aaattattitt tittaaattat agtttattgt 42O 

ttatatgtta tttgttattg tagaaaaggg tdaaaaaata gtaaatttaa ttatttittag 48O 

tittgaaaaat tatttagaaa tdaagatgat gattittgaaa tattgttaat attatttgat 54 O 

ttataaataa tdttittaata tatttatt at at attgatag at atttittitt atatgaatat 6OO 

tatatattaa aattaaggta ataatgtatt tagaatattt tatttatatt tatgt attitt 660 

aagtaggitta gaaattaaga tatgagtt at taagtatgag atgttalaggt gtggggittag 72 O 

aaattatatt g tattittatt attaataatt aatatatatt ttaat attat atatatttaa 78O 

ttittaatttg tatatttitta attatttitta attatgtgta taaatataag tatatatatt 84 O 

tittatgtatt tatttattta tatttittatt tatttattta tataggggat ttttittaaat 9 OO 

ttattatt at taaattatat atttittattt taattitt tag aataagttta ggagg taggit 96.O 

attgtt atta tittatattitt ataaatgagg aaattgttta tagttataaa gttattgttgt O2O 

tagatatatt agaagtttaa tatatatttg gtgaatatat gtataaaaat agagagatag O8O 

atatgtataa tag tittattt ttatattgag taaaagttitt taatttgttt tagaaattitt 14 O 

tttgttgaaaa ttgagtaaaa attgaggitat tttitt tattt gttatatagg tataggtggit 2OO 

attittattitt tittaataagg atgaatattgaaatgtggat tittaaggttt aattittagat 26 O 

tttittgaatt tttgatagtg ggatttggaa tttgtttatt gttittaaagt tttittaagga 32O 

atttatatga ttaattaggit ttagaaatta ttggattitta ttgttgaagt ttgagaatta 38O 

aagtttgggt titt attgttgg ttittatagaa agggtaaatgaagtatt atg gatagaattg 44 O 

atatgtttitt agittagttitt ttitttittaga agittaatagg tagtaatata gtagaaatta SOO 

gtgatt tatgttttgttgttt togaagttagg tagaattitta tagagttitta gtag tdttat 560 

tgatgagatt tdtttitttgg ggtaagttgt ttgatgttitt taaagttata tttitttittat 62O 

ataaaatgag ataatattitt ttgttittata ggggtgttitt aaagattaaa taaaaataat 68O 

atgttt tatt ttatatggta taatgtttga tatttaagaa gtaaaggata tattittattt 74 O 

ttattgaagt aattagaaag tatgaaatta taaggagat aagagttittg attgg tagtg 8OO 

tattittattt ttt taggttt atttattt at tittaaattat ttttgttgga gaataattitt 86 O 

taagttttitt atttaagttg tdagtaattt tatattittat aatgatgttt tttittatgag 92 O 
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aaaaaaaaat gtttittaagt tttittggaga aaatatattt gtatt attitt tattgaaaaa 198O 

tittaataatt ggattttgtt ttitttgtatt aattittagag togtatatgtt ataaataaag 2O4. O 

tgttittagtt taagaagatt gaaagtaaat atggtatagt attittaaaat aagaattittg 21OO 

taaatatatg g tatgattgt gttatatt at tagtaattat atgatatgta atgtaaagta 216 O 

tagtttatag atttaaattit aattittaata agtaaattga titttgttttgttggggaaaa 222 O 

gttaaagtat taatttaatt gttaatgtag titttgttitat ttttittggta tittagtgata 228O 

agtttaaata atgtatatat ttittatttat at atttagta atataattitt ttgtttaatg 234 O 

agtgatgttt ttttgttatt toggtggtgtt tdttagttitt agaatttgtt ttittggtggit 24 OO 

attataat at taagtataga gtaagtgtaa taaaattgta gtatttittat tdaaaaggitt 246 O 

ttgttittaaa ttgtttaata atttalaagga tittttgttgga agtaattgta tttgttaatt 252O 

agittataatt agtaattaat ttttittggag ttittaattta tttittggitaa aatgttt tag 2580 

gaagagtata tatt attaga aag tatgtta aaaatttatt tagtagaaaa tittaaaaata 264 O 

gtttittttitt gttaagaggit tttittaaaat tittatttata tagttaaatt ttgaaattitt 27 OO 

agtaggittitt gttittatt at tataattatt gtataaatat ttittaaggat tttgtttitta 276 O 

gttittaagta tdatttattt ttataagttt gattagttat tat attagtt ttgttatgga 282O 

aaatgatatgtttittattitt ttgttgtaga gttgttaaat tittgattitat atttatgttg 288O 

tttitttttgttgaaagtttg tagtgaaaga aatttittaat ttitttgttitt gtaat attag 294 O 

ttgg tagttt tatttaatgg g tattttgtt tttittaaaga atttagttgt tttgtttaga 3 OOO 

agttgattitt ttgatgttitt taatgtttgg tittaattgat ttgttittaat ggagtttittg 3 O 6 O 

ttggtgagga gtgagatgtt attgattaga atgttgggat ttgttgttta attgttagga 312 O 

gtgagagata ttgagattta gaaatttittg gaggtgggag gggagaggga tagttittgga 318O 

tggaggtgga gatgtaagat aaagggatgg attittatata ggaaaaaaaa aaagattittg 324 O 

ttgagg tatt gaggtgttgt atgattat at tttittaaagg agaagttaala aagtaaggaa 33 OO 

gtgggaggag gttggaggitt aaagt attta aaaggattat ttgggtataa tttgttttitt 3360 

tgttggtgtt totaaaggat agatagttitt gtttittaaag tatatgaatgtttitttittaa 342O 

gtgattggga atggat atta attgtttgtt aaatgttatt aaatgtttitt ttaaatttag 3480 

gggatataga aagaggggta taaaaggaga atttaaatag aaaaagggag gatttggagg 354 O 

tttittgaaag tigggggaga agaaggagga giggataatag agaggaatag agaaggaga.g 36OO 

tggagagaag ataaataaaa ataaaaatag gaattattga ataattatat attaaaaaga 366 O 

aagtttittitt titatggggta tittaaaat at tdagattgta at agtgattt toggittatgga 372 O 

agaaagatgt tttitttitt at ttttgtttitt gaaagtttitt ggttttgtta ttggtgatta 378 O 

aaattittatt aggttaaaga gtgtgtttaa ttgtttgaag aatgtag tag atggalaggtg 384 O 

ggttttgtta tttgtttgt tttittttgtt ggagagaatgaaagaaatgt gtagagttag 3900 

agattitttgttgagttagat ttitttitttgt tdttittaggit tattggittat ttggtaaaga 396 O 

tittgagtaag gaatgtaggg ttattgtttg ggittaataaa toggagtttgt tttitttittitt 4 O2O 

ttggatgttg ttgtttggitt gatgtttittg gtaatttatt ttggtgtat gtagaggagt 4 O8O 

tttitttittitt tttittagatt atttgttittg attaatttga titttittaaat at atttgatt 414 O 

gtatttittta ggtggatata ttaataggitt atgggttgga gaggagtggg tatgaggag 42OO 
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ggttttgttt tttgaagtt ttittaattaa at agggittag aggatgggag ttgttgt att 654 O 

tittagttggt at agtatttg gtttgatagt ttgtagtata gggtg tatgt aattitttitat 66OO 

ttitttgttgaa tataattittg ttgtagttaa atttggittitt gaataaagtg ttttittaaag 666 O 

atgtatataa gttgaagtgt atgtaattitt agagaggagg gaatgattaa ttgtaattta 672 O 

gggtgaaagt ttgtatagitt tittagittatt attgatgtaa atgttaaaag gaaaattatt 678 O. 

atgt attatt ttaatttatt ttittataaag ataagttgag atatgtaatt ttattagatt 6840 

tgggittaata gattgtttitt ttttittgg ta gtttittaaat ttgg tattitt aataaaattit 69 OO 

aatatgttitt tataatttitt tdatt tatgt gtatatgtgt gttgtttittgaaagaataag 696 O 

ttittattttgttattgttta attatttittt agatgttitta t tatggtaat aattatgagt 7 O2O 

ttgtaaaaat aattitttgga aatgttgatg gttttgtagt ttaatataga ttggtttgtt 708 O 

ttatttittag tittttgtatt gttittaggaa ataattaatt taaatgtgaa gttgatattt 714. O 

gtaattaaga aattatatat ttattagata ttittaaaggg gattgtataa attaaagaga f2OO 

ataaattggit tttgtagata ggttgttaag aatttggitat tttgtttitta ttitttgttaa 726 O 

tittagaggtg attaatttitt atttgagtta aatagattat tatagaaaat attgttgtttg 732O 

tittatttitta ttattgaggit tttgtttittt ttttgtttgg atatattitta aataaggggt 7380 

tgttittagtt gttgaagtaa aagaataatt aaagatgggg aaatggtaala agggit attta 744. O 

gagatt atta ttagtttittt tittaaaatgt gigagttttgt gigittataaat attgtttatt 75OO 

taatgagtaa aaaataaaaa taaaaaaaaa ataggaagta aatgttaagt ttittattitat 756 O 

tattgttagt attaatgtaa gttittaaaaa atagt attat tagaaaagga tattaaagga 762O 

gaattgatta gaaaagaatt gtggaaaatg gaaatgaata ttgattattt aattagattit 768 O 

tgaggittatt agtagatagt gattttgtag tatagittata gttgttggat ttaaaattta 774. O 

ggataagtat tittaaagttt taaagtag td tttitttitttgttaaaaattt gtaagatgtt 78OO 

ttaatgattig gag tdtttitt tttgaatttg agg 78.33 

<210 SEQ ID NO 18 
<211 LENGTH: 78.33 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 18 

ttittaaattit aaa.gagaata ttittagtt at taaaatattt tatagattitt taataaaaaa 6 O 

aagt attatt ttgaagttitt aaaat atttgttittaaattt taaatttaat aattatagitt 12 O 

gtattgtaag gttattgttt attgataatt ttaaaattta gttaagtgat taatatttgt 18O 

ttittatttitt tataatttitt ttittagttaa ttttitttitta gtatttittitt ttgatagtgt 24 O 

tatttitttaa agtttgttgtt aatattgata gtggtgaatgaaagtttaat atttgtttitt 3OO 

tgtttitttitt ttatttitt at ttitttgttta ttaggtggat aatatt tatg attataaaat 360 

tittatattitt ggaaaagagt tagtgatgat ttittgaatat tttitt tatta ttitttittatt 42O 

tittaattgtt tttttgttitt aatgattgaa ataattittitt atttgaaatg tatttagata 48O 

aagaggaaat aaagttittaa taataaagat aaataggitat agtgttttitt gtgatggittt 54 O 

gtttggittta aatgaagatt gattatttitt aagttaatag gggtggaagt ggggtgttaa 6OO 
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gtttittgata atttatttgt aaaattagtt tatttitttitt agtttatgta gtttitttitta 660 

aaat atttgg taaatatgta atttitttgat tdtaaatgtt aattittatat ttaagttagt 72 O 

tatttitttaa aataatgtaa goggittaggaa tdaagtaaat tagtttgttgt toggattataa 78O 

agittattaat atttittaaaa attgtttittg taggtttata attatt atta taataaagta 84 O 

tittaaaaagt gattaggtaa tagtaaagtgaaatttattt ttittaaaaat aatatatatg 9 OO 

tatgtatgaa ttaagaagtt atagaaatat gttgagttitt attaaaatgt taaatttaga 96.O 

aattgttaaa aaa.gagaata atttattgat ttaaatttaa tagggttgta tattittaatt O2O 

tgttitttgta aaggataaat tagaatgatg tataataatt tttitttittgg tatttatatt O8O 

agtaataatt aggaattata taggtttitta ttittgagtta tagttggitta tttitttittitt 14 O 

tittaaagtta tatatattitt agtttatata tatttittgaa agatattitta tittagagitta 2OO 

gatttaatta tagtaaaatt at atttatag aagatgaaaa attatatata ttittatatta 26 O 

taggttgtta aattgaatgt tatgttagtt aggagtgtag taatttittat tttittggittt 32O 

tatttaatta ggaagttitta gtagagtgaa gtttgttaag togtttgttgt tagaatttga 38O 

agga atttga gtgagtaaga agagtgtttg atttattitta tagaagtttgtttagaaatg 44 O 

gaggagittag titttattga agttggttitt gtttittggitt tdtttatatg gagtttgatt SOO 

agttittagtt atgtttattt toggtttggga gatttgtaaa gtgtttittitt ttittaattitt 560 

tttgtatt at tittgaagttt agggalagtaa agagaggggt at atttggat ttaaaatta 62O 

atgtttitttgttgtttagga gagaagggaa tagaga.gag agagagatag atagatagag 68O 

agagagagag agagagagag agaga.gagag agaga.gagag agaaattitta ttgaaattta 74 O 

gtttittt tag aatttgtgtg atttggtttt taatgggaga ttagtgtgat tittatggitat 8OO 

ttttgttagg aattagtgat tttitttgtag titatt atttg atttattgtt ttitttgttta 86 O 

tttittttitta taaagttatt tttitttitt at tittagtaaga tttitttittitt taatgatgat 92 O 

aaagttitttgttt tagtgtt tttitt tagga ttggtgttitt tittaaaatag tdaatttaga 98 O 

aaattattitt gtttaatatt ttittaaaatt tttgtagttt taatgtaagt gtaagtatgt 2O4. O 

aaaggtttitt tdttatattt g tatttitttgtttattt tag aattatttitt tatttittggg 21OO 

tttgtaatag tittitttttgt tttitttggat agaggtgggt ggt attaggg gtttagggta 216 O 

gtaggaggtg aggggttgag gaggtgttgtt aggg taggitt getttgttgtt gatatgttgt 222 O 

gtttittttgt ggagittaaag ggttggggat gggggttittg gattt attag agtaattitta 228O 

gttggtgggt gtttgg tagt tatttaagga gg tagggaaa gtagtgagtt ttattgggtg 234 O 

ggittatgatgagtag tatga tiggg tagtag tagtagittag taaaagttitt totaaagtgt 24 OO 

ttagttgttg tattgttgtggggatttitta tag tatt atg attagtttgt gtaattttgt 246 O 

agtag taaat ggtttittgag gaatatagga ttgttgggggit togtag to gtt attgagt 252O 

attttgttgga tiggtgg tagt agaggtggtg gtggtggtag tigt atttgg togggaagta 2580 

gtagttaa at ttgttgt atga ttittgaga.gt tittagtaata tittagggatt gggitt tagtt 264 O 

ttggagtgag agggttgttt gttgagaagt ttgttggag atgtgggaag ttgttgttat 27 OO 

aaggagggag titttgggalag ttggaggata gaggagatg ggagtttagg gtagatgag 276 O 

tggagtttga ggagg taggg toggagggaga gttalaggtgt tttgtag titt gg tagttgtt 282O 

ttittgagttt togttgtttgt atttittittgg tdtttgggaa gtag taggitt tttagtttgt 288O 
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ttggggittat gtgggaagag gtagttgggt tttgattggit ggagtaggat gtaggittittg 294 O 

ggagggaggg gttgatgagt aggtgtaagg atgtaaggag gaggtggttg tigaagittat 3 OOO 

agatgggttt gtttgttagg tttggtttg agtggggitta ggtggggitat ggtttaaatg 3 O 6 O 

agaagtttgg gttittagggit giggittatttg tatatttata tattatttgt tittattttitt 312 O 

gttt taggat gtttitt tatt galaggtgggg tttggattag tetttittttt ttgttgttgttga 318O 

ttittgggttg tagtgtggg ttgttggttgg gtggtgttitt tttgagttgg agatggtggg 324 O 

ggtggaggtg ttagaggagt agtag tagta gig tagagag giggtgagttg gttgttgggaga 33 OO 

gggtgttttgttggtgattg gtgttittagt gtgtgggagt gtgttgttta ggttgtaggg 3360 

ggatgtaggit togaatgtt gtggtggaga ggittagggat gttttitt tag ggatttatag 342O 

gaaagagggit gagaggtgat ggtgttagaa ttgtttttgt tatttggala gtaat agtag 3480 

tatttitttat aagagtgtgt aattittaagg ttgtttgttg agg tagttta gttattittgg 354 O 

taggtgttitt tttitttittitt tttitttttitt tttittttittt ttaggtttitt totagttittg 3600 

atttagttta agtgtttgta ggtttgaatt tttittttitta ttatttgttt tttitt tagtt 366 O 

tgtag titt at tagtgtgttt atttgggagg ttggittaga tigtgtttgga aggttagatt 372 O 

ggttgggata agtggtttga gagaaagaga aaggtttittt totatatgtt gtgggtgggit 378 O 

tgttgggagt attggttggg tagtggtgtt toga agggg agagtgggitt ttatttgttg 384 O 

gtttaggtag tattttgttgtttitt tattt gggtttttgt tdgatggttg gtgatttggg 3900 

gtgatgagag aaggtttaat ttgg taggag tttittggittt tdtgtgttitt ttittatttitt 396 O 

tittagtggga agggitaaatg gtatagtggg atttgtttitt titttgttgt atttitttagg 4 O2O 

tagittagata tatttitt tag tittaatggaa titt tagttgt tagtaatggg attaa.gagtt 4 O8O 

tittggggata agggtggaga ggaat attitt tttitt tatga ttggggittat tattgtagtt 414 O 

ttagtgttitt ggatgttitta tagggaagag titttittttitt ggtgttgttgat tatttagtga 42OO 

tttttgttitt totttttgtt tatttitttitt ttgttttittt tttittatttt tttttgttat 426 O 

ttttittttitt tttitttittitt ttgtttittaa aagtttittgg atttitttittt tttittattta 432O 

aatttitttitt ttgttgtttitt tttitttgttgt tttittgaatt taggagagta tittgataata 438 O 

tittaataggit aattagtgtt tatttittaat tatttaaaag agg tattitat at attittgaa 4 44 O 

aatgggatta tittatttittt gtagatatta gtagaaaaat aaattgtatt tdagtaattit 4500 

ttittaagtat tittaatttitt aatttitttitt tatttittttgttttittaatt tttitttttga 456 O 

gagatgtgat tdtgtagt at tittagtgttt taatgaaatt tttitttittitt ttttgttgttga 462O 

aatttattitt tittattittat attitttgttt ttgtttgaga ttgttttittt tttittttitat 468O 

ttittaaagat ttittgaattt tagtgtttitt tatttittggit aattaagtag tagattittag 474. O 

tattittagtt ggtgg tattt tdttttitt at tdatgaagat titt attaaaa tagattaatt 48OO 

agattagatgttggaggt at tagaaaattig gtttittagat agagtagtta aattittittaa 486 O 

ggaaatagaa tatttattag atagagttgt taattaatat tdtaaaataa goga attagaa 492 O 

attitttitttgttataggttt ttagtagaga agg taatata aatatagatt aagatttaat 498O 

aattittatag tagagaatga gaatatgtta ttttittatag taaggttggit gtggtaatta 5040 

attaggittta tdaaaataag titatgtttga aattaaaggit aaagtttitta aaagtgttta 51OO 

tgtag taatt atgataatga aataggattt gttaggattt tagagtttgg ttatgtaagt 516 O 
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agaattittag agaattittitt agtagaggaa aattgtttitt gaatttitttgttaagtaaat 522 O 

ttittggtata ttttittaata atatatgttt tttittaagat gttttgttaa aagtaagtta 528 O 

aaattittaaa goagttaatt attggttgta attggittaat aaatgtggitt gtttittatag 534 O 

aggttttitta aattattaaa tagtttgaag taaagtttitt ttaatgggaa tdttgtaatt 54 OO 

ttgttg tatt tattttgt at ttagtgttat agtgttatta agaaataaat tittgaaattg 546 O 

gtaagt atta ttaagtggta gaagaatatt atttattgag tagagaattig tattattgaa 552O 

tatgtaaata aaaatatata tattatttag atttgttatt agg tattaaa gaagtagata 558 O 

agattg tatt agtaattgga ttagtgttitt aatttitttitt tagtaaggta aaattagttt 564 O 

attt attaga attaaattta agtttatgaa ttg tattittg tattgttgtat tatatgattg st OO 

ttagtaatat gatataatta tattatgt at ttgtaaaatt tittattittaa aat attatat 576. O 

tatatttatt tittaatttitt ttgagttaga at attittatt tdtggtatat at attittaga 582O 

attgatgtag aggagtagag tittagttgtt agattittitta gtagaaatag tetagatata 588 O 

tttitttittag aaaatttaag aatatttittt tttitt tatgg aaagaatatt attataaagt 594 O 

gtgagatt at ttatagittta agtagggggit ttgggagitta ttttittaata agaat agttt 6 OOO 

aagataaata aatgaatttg ggaaaataag atatattgtt aattagaatt tittattttitt 6 O6 O 

titatgattitt at atttitttg attgttittaa taalaggtaag atgtatttitt tdtttitt tag 612 O 

gtgttaggta ttgttgttatg taggatagaa tatgttattt ttatttaatt tittaaaatat 618O 

ttittatgaga taaagaat at tattittattt tatataaaag gaatatggitt ttgaaagtat 624 O 

tagg taattt gttittaagaa ataaattittgttagtgatat tdttgggatt ttgttgaaatt 63 OO 

ttgtttgatt ttagagtata agatataagt tattaattitt togttg tattg ttgtttgtta 636 O 

gtttittgaga gqqgaaatta attgggaatg tattagttitt gtt tatgata ttittatttgt 642O 

tttittttgttg gagttgtagt aaggtttaaa ttittaattitt taaattittgg taataagatt 648 O 

tagtgattitt tdaatttggit tdattatatgaattittittga gaaattittga aataatagat 654 O 

aaattittaag titt tattatt agggatttag aaaatttgga gttgggttitt gggatttata 66OO 

ttittaatatt tattitttgtt ggagaagtaa got attattt at atttatat gataaatgaa 666 O 

aggatattitt gattitttgtt tagtttittat agagaggttt ttgagatagg ttaaaagttt 672 O 

ttatttagtg taaagatgag ttgttgtata tdtttgttitt tttgtttitta totatatgtt 678 O. 

tattaaatat g tattaagtt tittaatatgt ttgatatagt aattttgttga ttgtagataa 6840 

tttittt tatt totaaaatgt gagtaataat aatatttgtt ttittgggittt gttittaaaga 69 OO 

ttaaaataaa aatgitatggit ttaatggtag toggatttggg gggattittitt atataaataa 696 O 

gtgaatggag g tatgaataa ataaatatat aaagatgtgt g tatttatat ttatatatat 7 O2O 

aattaaaaat agittaaagat gtataaatta aagttaaatg tatgtgatat tdaagtatat 708 O 

gttgattatt gataatgaag tatagtataa tttittaattt tatattittaa tattittatat 714. O 

ttaataattt at attittaat ttittagttta tittaagatat atagatatag atagaatgtt f2OO 

ttaaatgitat tattgttitta gttittaatgt ataat attta tatgaaaaag tattt attag 726 O 

tgttgtagtaa atgtattaga at attattta taggittaaat gat attgata atgttittaga 732O 

gttgttattt ttatttittgg ataattittitt aaattgagag taattaaatt tdttatttitt 7380 

ttatttittitt ttataatggit aaataatata taaataatga gttgttgattit aaagaaataa 744. O 
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ttittataatg taaaagttitt tittatgttitt attgatttitt atgtttittaa ttaattittgg 75OO 

tagtttalagt ttgttgattitt agtgttgagg aaagtttatt ttattittaga gtagtggggt 756 O 

ttagittatga ttittat atta taattatttg gataattaaa gaatattgat gtagagtttg 762O 

tatttaaaga tittggaattt ttagaagtga tatagaagta ttggtatata tatatttitta 768 O 

aagtttittitt ggagaaat at at agittatga ttgagaatta ttgttittggg gaaagtgatt 774. O 

attitttitt at tatttaaata gttaagttitt aggaggtaaa at atttatat tttitttittat 78OO 

taaaatttgt aaaatatata ttitt attaaa gat 78.33 

<210 SEQ ID NO 19 
<211 LENGTH: 5666 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 19 

aaaattagaa tttittattitt tttgttgtttgttatatttitt tagtgttgtt taattitttitt 6 O 

ttgtaagtga gggtggtgga gggtgttt at aattitttitta gggagtaagt tittittittggit 12 O 

ttttittttitt tttitttittitt tttitttttitt toagattaag titttgtttitt gttttittagg 18O 

ttggagtgta atggtgttgat tittggittt at tdtaatttitt gtttittttitt gggtttalagt 24 O 

gattitttitta tattagttitt tdag tagttg ggattatagg tatgtgttat taagttttgt 3OO 

taattttgta ttttittagta gagatagggit tttgttatgt toggittaggitt tdttittgaat 360 

ttittggittitt aggtgatttgtttgttittgg ttttittagaa togttgggatt atagatgtga 42O 

gttattgt at ttggatttitt tttittatgta at agtgataa ttt tatttaa agtattttitt 48O 

tttitttitttg agttggagtt ttattttgtt atttaggttg gagggtggtg gtgttgattitt 54 O 

ggitt tattgt aattitttgtt ttittgggttt aagtgattitt tttgttt tag titttittgagt 6OO 

agttggaatt atatatgtgt gtt attatgg ttagttaatt tttgt attitt tagtagagat 660 

ggggtgtt at tattittggitt aagttggttt tdaatttittg attittaggtg atttgtttgt 72 O 

tittggtttitt taaagtgttg ggattatagg tdtgagttat tdtgttttgt tittaaagtat 78O 

tttittttitta tdttittaaaa taagattgta agittagttitt taaagtggat aatttaa.gag 84 O 

ttaataggta ttagtttagg atgtgtggta ttgtttittaa gotttatatg tattaatata 9 OO 

ttatttaaat ttataataat ttittataaag taggggg tat ttatatttitt tttitttittitt 96.O 

ataattatga aaaatgtaag gtatttittag taggaaagag aaatgtgaga agtgtgaagg O2O 

agataggata gtatttgaag ttggtttittg gattattgtg taattttgtt tttagaatat O8O 

tgagtattitt ttittggittta ggaattatga ttittgagaat ggagtttgtt tttittaatga 14 O 

tttitttittitt atttittitt at ttgtttatag gtagaattitt ttitttgtttg tattaaataa 2OO 

attittattitt tttagagttt gtttittatat taggtaatgt atatgtttga gaaatttittg 26 O 

ttittagatag ttgttittata totaggaggg gaaggggagg ggaaggagag agtagtttga 32O 

ttttittaaaa goaattittitt gaattagggit ttittgattta gtgaattittg tdtttittgaa 38O 

aattaagggit taggggg tagggggatatt ttt tagttgt at aggtgatt ttgatttittg 44 O 

gtggggttitt tataattagg aaagaatagt tttgtttittt tittatgatta aaagaagaag SOO 

titat atttitt tittatgat at taaat attitt gatttaattt gg tagttagg aaggttgtat 560 
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tgtggaggaa ggaaatgggg togggggtgga tttittttitta atagagtgaa totatttaaa 162O 

tatgtttttgttgg taggtgggggagtgttg gttgggagta giggaggttgg agggtggtgt 168O 

gggggg tagg toggaggag tittagtttitt tttittttgtt aatgttggitt ttggtgaggg 1740 

ttgtttittgg ttggtgttitt tdgggagat ttaatttggg gtgattt tag gggtgttata 18OO 

tttgttaagt gtttggagtt aatag tattt tttittgagta tttgtttat g g togtttittitt 1860 

gtttggaaag at attgttggit tttitt tagag gatttgaggg at agggttgg agggggttitt 1920 

tttgttagta ttggaggaag aaagaggaggggttggttgg ttatt agagg gtggggtgga 198O 

ttgttgttgttgt ttggtggttg tdgagagggg gagagtaggit agtgggtggt giggagtagt 2O4. O 

atggagttgg tdtggggag tag tatggag tittittggttg attggttggit tatggttgtg 21OO 

gtttggggtt gigg tagagga gatgttgggtg ttgttggagg taggggtgtt gtttaatgta 216 O 

ttgaat agtt atggttggag gttgatttag gtggg tagag ggtttgtagt gggagtaggg 222 O 

gatggtgggt gattittggag gatgaagttt gtaggggaat tdgaattagg tagtgttittg 228O 

atttitttgga aaaaggggag gttttittggg gagttitt tag aaggggtttg taattataga 234 O 

tttitttitttg gtgatgttitt gggggtttgg gaagttalagg aagaggaatg aggagittatg 24 OO 

tgtgtataga tittitttgaat gttgagaaga tittgaaggggggaatatatt tdt attagat 246 O 

ggaagitatgt tttitt attag atataaaatt tatgaatgtt tdggataaaa agggagttitt 252O 

aaagaaatgt aagatgtgtt gggattattt agtttittaat ttatagatat ttggatggag 2580 

tittatttittt ttattaggag ggatt attag tdgaaatttgttggtg tatgt toggaataaat 264 O 

attgaatata aattittgatt gaaattattt agaagtggitt gggtgtggtg ttt tatgttt 27 OO 

tgtaatttitt ttattittggg agattalaggt ggggggaatt atttgaggitt gggagtttga 276 O 

gattagtttg gttaataggit gaaattttgt ttt tattaaa aatataaaaa gtagttgggg 282O 

gtggtggtag gtgtttgtaa ttt tagtt at ttgggaggitt gagg taggag aattgtttga 288O 

atttgggagg ttgaggttgt agtgaatagt gagatggagt tattt tattt tagtttgggt 294 O 

gatagagtga gattttgttgaaagaaagaa agagagaaag agaga.gagaa aaattattta 3 OOO 

gaagtaatta tatattgttgt ttatttittaa ttgagtaggg taaataaata tatgtttgtt 3 O 6 O 

gtaggaattt aggaaataat gagttatatt tatgtgatta ttittagaggit aatatgtagt 312 O 

tatt attittg ggaatatttgttaat attitt tdtttittitta ttattitt tag tittatttgat 318O 

atagitt tatt tdtgataaga gtttittaatt ttittatttitt gaatagaggit gtttittttitt 324 O 

tttittattitt ttitttgttga gggagittagg ggaggattta aaagtaatta atatatgggt 33 OO 

aatttagt at ttittaaaatt ttgttaatag tittgaatttg ggagtttggit tttgtag titt 3360 

tataat attt tagaagagat tittatttgtt taaaaataaa aaggaaaaag aaaagtggat 342O 

agttittgata atttittaatg gagaagggag aagaatatgt agaaaagggg aaatgatgtt 3480 

ggtttagaat tittaattata ttggtgttta atataggaat atttattitat ataat attitt 354 O 

aaagtattaa attitat atta gtatattatt aaatggatat attattaaat giggitttalagt 36OO 

attittatata ttittaattta attgattitat tttitttitttgttittggattt ttatt atgat 366 O 

ttaaat attt atatatgggit tatttitt tag atttitttata t tatgaaata taagaaaaat 372 O 

ttittaaggitt agttittatga ttaagatgaa gattittatt gaatatataa aataataaat 378 O 

at attgtaat attttgttitt tttittttgta gttgtaattt ggtttgttta tatttitttitt 384 O 
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ttgtttittitt gaaaattgag titagttitt at tttitt tagga taggatttaa taattataat 3900 

ataatttagt ataattittitt gatttaggta aattatgtaa tttgttgttta gitatgaaatg 396 O 

tatttaaaaa taagtaattt ttttittaata ttatt attitt taaattaata taataaataa 4 O2O 

tagittattitt aaaataaatt gtttatttitt attatgtagt atttaaattt taaggttgtt 4 O8O 

atgattgtag at agtattitt aaaatttittt tttggaaatg gttttgttitt taagatgatt 414 O 

taggaattaa agaggtgatt atttitttgtt taatgaattt ttaaattata aatttgggaa 42OO 

gtgttittagt tttittattgt togttgttata aattattata aatgtgttag ttaaaataaa 426 O 

tataaaatta ttattittata gttittagaga ttagaagtta aaaatgggitt tataaggttt 432O 

tatttitttitt ggaaattitta agggg taatt tdtttittttgttitttitt tag tttittagtga 438 O 

ttattaaatt ttittggittta toggttitttgt atttitttittg toggtttgttgt ttittatttitt 444 O 

gtatttitttt tttgattgtg atttitttaat aaaaatattt ggggittatgt togggtttatt 4500 

ttgaaaattt toggataattt tttittaagat tattaattaa attatatttg taaagtttitt 456 O 

tttgtt at at aagttaatgt attaaaagtt tttgaggatt aggatataga tattgggggt 462O 

gggggggt at tatttagttt attataggala ggaattt tag ggittaattaa attagtttitt 468O 

ttattittata tittgaagaaa ttgaagttitt ggaattggag agt attatgt taaatgaaat 474. O 

aagttaaata tagaaagata aat attatat gtttittattt atttgttgaaa tataaaataa 48OO 

titat atttitt agtagtaaag agtagaatgg ttt attag agttgggggg toggaggaat 486 O 

ggggagatgg taattalagat ataaagttitt agittaagatg ggaggaataa gtttgattgt 492 O 

tttittittgag atgtgttitta tag tatgatgaatatagitta aatagtaaat tittaaatgtt 498O 

tittatttgat aaaaatgtta aatatttgag atgatggata ggittatt tag tittgatttaa 5040 

taattittitta ttgttgtttaa agattata at tittatattgt attatataaa tatatataat 51OO 

tg tatt attt taatatataa ttittaaaatt aatataatga aaaagaaatt gaagtttaat 516 O 

atttittagaa gttaagtgta atttaaaagt tttgtgagaa tttgttittaa taaataaata 522 O 

agtttitttitt ttittaataat tattatattt tdtgtttgga tatatagtag tdaataaaaa 528 O 

aaaaaaaaaa aaaaaaaatt tttaggttta atataattitt aggaagaaat tittagtagtt 534 O 

gtattittagg ggaaatatag gaagttagtt tagtaaaa gttagtttgt ttttgtttitt 54 OO 

ttgttattitt gtttgttgttt tatagtgttt tttgtttgtg atgatagittt tdtagaagtt 546 O 

tggaggat at aatggaattt attgttgtatt gaagaatgga tagagaattit aagaaggaaa 552O 

ttggaaattig galagtaaatg taggggtaat tagat atttggggtttgttgt gggggtttgt 558 O 

ttggtggtgagggggttitta tataagttitt tttitttgtta togttggittitt tattittggitt 564 O 

ttgattattt tdtttitttitt gg tagg 5666 

<210 SEQ ID NO 2 O 
<211 LENGTH: 5666 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 2O 

tttgttagag agaatagaat ggittagagtt agggtggggg ttgg tatgat ggaaaggaag 6 O 

tittctotada Citttittitt at tdttaadtead atttittatat aadttitta tdtttaatta 12 O gtgtaga g 9 gtag 9 gg to 
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tttittatatt tdtttittagt ttittaattitt ttttittgagt tttittattta ttttittagta 18O 

tataatgaat titt attatat tttittgaatt tttgttggagt togttgttata gg tagagagt 24 O 

attgtgaggt atgggtaaaa tagtaaaggg gtagggatag attgatttitt attittaggitt 3OO 

aatttitttgt atttitttittg agatataatt attgaaattt ttttittgaaa titatgttagg 360 

tittggagatt tttitttitttt tttitttttitt tdtttattgt togtatattta agtgtagaat 42O 

gtgg taattg ttaaaaagag aaaatttgtt tdtttgttaa aataaattitt tataaaattit 48O 

ttaagttata tittagtttitt gggaatgttgaattittaatt tttitttittat tat attagtt 54 O 

ttaaaattat at attgggat agtatagttg tatatattta totggtataa tatgaagtta 6OO 

tgatttittga atataatggg gaattattaa gttaagttaa gtaatttatt tattattitta 660 

aatatttgat attitttgtta aatgagagta tittgggattt attatttagt tatatttatt 72 O 

atgttatgaa atatattitta aaaaaaataa ttaaattitat ttitttittatt ttaattgagg 78O 

ttittatattt tdattatt at ttttittattt tttittattitt ttagttt tag taattattat 84 O 

tittattittitt attgttaaga atgtaattgt tittatattitt atagataagt gagaatatgt 9 OO 

gatatttgtt tttttgttgtt toggtttattt tatttagtat aatgttttitt aattittaaaa 96.O 

ttittaattitt tittaagtata aaataagaag gttagtttaa ttaattittaa aatttitttitt O2O 

tgtgg taggit togaataatgt tttitt tattt ttaatgttta tdttittaatt tittaaaaatt O8O 

tittaatatat taattitatgt gigtaaaagag gttttgtaga tigtgatttaa ttaatggittt 14 O 

tgagggagat tatttagaat ttittagggitg ggtttaatat aattittaagt gtttitt atta 2OO 

gagggittata gttagagaga agatataaga atggaagitat aggttataga gaaaatatag 26 O 

agattatgag ttalaggaatt tatggitt at tagaagttgg aaaagataag gaaatagatt 32O 

gttttittaga gtttittaaaa gogaatgaaat tttgtggatt tatttittgat ttittgattitt 38O 

tagaattgta aaataataat tttgttgtttgttt tagttaa tatatttgttgataatttgta 44 O 

at agtagtag taggaaatta aaatatttitt taggtttatg atttgagagt ttattaaata SOO 

agagatggitt atttittittgg tttittaaatt attittggaaa taaagttatt tttagagagg 560 

aattittaaaa tattgtttgt agittatagta attittaaaat ttgagtgttg tatggtggaa 62O 

gtagataatt tattittagga taattgtt at ttgttatatt agtttgagga tiggtggtgtt 68O 

aaagaggagt tatttattitt taggtatatt titat attaaa tataaattgt ataatttgtt 74 O 

taaattaagg aattat atta aattatatta tdgtt attaa attttgttitt gagaaagtga 8OO 

aattgattta gtttittaaag agataaagag aaagtataag taaattaaat td tagttata 86 O 

aaaagaaaga taaaatgttg tagtatattt attgttttgt gtatttaatgaagtttitttg 92 O 

ttittggittat aaaattagtt ttaaaggttt tttittatatt ttatag tatgaaaaatttaa 98 O 

aaagtaattt atatgtaaat atttalaatta tdatagaaat ttaaagtaaa aagaaaatga 2O4. O 

attaattgaa ttaaaatgtg taggatgttt aaatttattt gataatatat ttatttgata 21OO 

at at attaat atgaatttag tattittaaaa tdttatataa ataaatgttt titat attaaa 216 O 

tattaatgta gttaggattt taagttaata ttatttittitt ttttittatat gtttittttitt 222 O 

tttittt tatt aaaaattgtt aaaattattt atttitttittt tttitttitttgtttittaaata 228O 

aataaggttt tttittaagat attgtaggat tataaagtta aatttittggg tittaagttgt 234 O 

tggtaaaatt ttagagatgt taagttattt atgitattaat tatttittaaa ttttitttitta 24 OO 
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atttittitt at aaaataggag tagggagagg agaaatattt ttgtttaaaa atgagga att 246 O 

gaaaatttitt attataaata aattatatta agtaagttaa agatagtaaa agagtaaaaa 252O 

tgttagtaga tatttittaaa atggtaatta tat attattt ttggaatgat tatatgaatg 2580 

tggttt atta ttttittaagt ttittatagta aatatatatt tatttgttitt atttagttaa 264 O 

aaataaatat aatatgtagt tdtttittgaa taattitttitt tttitttittitt tttitttittitt 27 OO 

tttittittgat aaagttitt at tttgttattt aggttggagt gaagtggittt tattttgttg 276 O 

tittattataa titt tagttitt ttgggitttaa gtgatttittt tdttittaatt ttittgagtag 282O 

ttgggattat aggtgtttgt tattatttitt ggittatttitt td tatttitta gtagaggtga 288O 

ggttittattt gttggittagg ttggittittga atttittgatt ttaggtgatt tttitttgttt 294 O 

tgattittitta aagtgaaggg attataaggt gtgagg tatt gtgtttggitt gtttittgaat 3 OOO 

aattittgatt aaaatttata tittgatattt attittaatat at attataga tttittattga 3 O 6 O 

taattitttitt tagtaagaaa gataagttitt atttaggitat ttgttgaattig gaggittaagt 312 O 

agttittagta tattittatat ttttittaaga titttittttitt attittaaatgtttgtaaatt 318O 

ttgt atttga taaagagtat atttittattt aatataaata totttitttitt tttagattitt 324 O 

tittag tattt gagagatttg tatgtgtgtg gttttittatt tttitttittitt ggittttittaa 33 OO 

gtttittaggg tdttgttagg aggaggtttgttgattataaa tttitttittga aaattittitta 3360 

ggaagtttitt tttittttittg gagaattgaa gtgttatttg attittaattt ttttgtaaat 342O 

tttgttttitt agagttgttt gttatttittt gttitttgttg tagattittitt atttatttgg 3480 

attggtttitt gattgtaatt atttggtgtg ttggg tagtg ttitttgttitt tag tagtgtt 354 O 

tg tatttittt ttatttgatt ttgggttgtg gttgttggitta gttagttagt tdaaggttitt 36OO 

atgttgttitt ttgttgttgg ttt tatgttgtttitttgttgtttgttgttt gtttittttitt 3 660 

ttitttgtagt togttgagtgt atgtggtttgttittatttitt toggtgattag titagttttitt 372 O 

tttitttittitt ttittggtgtt ggtggaagag titttittittga titttgtttitt taaattittitt 378 O 

ggagggattg tdgtatttitt ttagg taagg ggatgttgttg agtgagtgtt taggaggit 384 O 

gttattaatt ttgagtattt agtgaatgtgg tatttittga agttgttitta ggttgggittt 3900 

tttittggggg tattagttgg aagtagtttt tttagagtt agtgttggta aggaaggagg 396 O 

attgggttitt tttittatttgttttittatat tdttttittgg tttittttgtt tttagttgttg 4 O2O 

tttittttgtt tottagtaaa gotgtgtttg agtgttgttta ttttgttaaa aagaaatttg 4 O8O 

ttitttgttitt gtttittttitt tttgttgatat aattitttitta attgttaaat tdaattgggg 414 O 

tgtttggtgt tatagggaaa gtatggtttt tttittittaat tataagaaaa agtaaaatta 42OO 

tttittttitta gttgtgagag titt tattgag aattgaaatt atttgtatga ttagaaagtg 426 O 

tttittt tatt tttittaattt ttgatttitta ggagtgtggg gtttattaag titagaaattit 432O 

tagtttaaag gatttitttitt ggagagttgg attgtttittt tttitttittitt tttitttittitt 438 O 

tttgttgttgta aaatggttgt ttggggtaag ggtttitt tag atgtgtatat ttittggitat 4 44 O 

aagagtag at tittgaaaaga tigaggittt at ttaatatgga tigggggagala ttttgtttgt 4500 

aggtagatag gaaaatgggg agggagtt at taaggatggattittattt ttaaagttat 456 O 

aatttittaga ttagaaaaag tdtttagtgt tittagaagta gagttgtata gtgatttaaa 462O 

gattagttitt aaatattgtt ttgttitttitt tatattittitt at atttittitt tttittattga 468O 
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aaat attittg tatttitttgt aattataaag ggggaaggga atatgagtgt ttitttgttitt 474. O 

ataggggttgttgtgagttt aaatgatgta ttaatatata taagttittaa gaatagtgtt 48OO 

atatattitta agittaatatt tdttagttitt tdaattattt gttittgagga ttggtttgta 486 O 

attttgttitt gaggtataga aagaaaatgt tttggagtag gatgtggtgg ttt at atttg 492 O 

taattittagt attittgggaa gttgaggtgg gtagattatt taggittagg agtttgaggt 498O 

tagtttggitt aaaatggtga tattttgttt ttattaaaaa tataaaaatt agttggittat 5040 

ggtggtgt at gtgtgtaatt ttagttattt aggaggttga gg taggaga a ttgtttgaat 51OO 

ttgggaggta gaggttgtag taagttgaga ttgttgttatt atttitt tagt ttgggtgata 516 O 

gaatgagatt ttgatttaaa aaaaaaaaaa aatgttittgg atagaattat tatt attata 522 O 

taaaagga aa gtttggatgt ggtggittt at gtttataatt ttagt attitt gggaggttga 528 O 

gataggtgga t tatttgagg ttaggagttt gagataagtt tattaatat ggtgaaattit 534 O 

tgtttittatt aaaaaatata aaattagtgg ggtttggtgg tog tatgtttg taattittagt 54 OO 

tatttggagg ttgatgtagg agaattgttt gaatttagga galaggtggag gttgtagta 546 O 

gttgagattgtt tattgta ttt tagtttg ggagataaga gtgaaatttg gttittaagaa 552O 

aaaaagaaag aaagaaagaa agaaagatta agaagaattt atttitttgaa aagattatgg 558 O 

gtatttittta ttatttitt at ttataaagaa aagttaaata gitattaaaga gtataataag 564 O 

tgtaaggagg taaaagttitt aattitt 5666 

<210 SEQ ID NO 21 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 21 

cgcggttt cq attittaatgc 2O 

<210 SEQ ID NO 22 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 22 

actic cq actt aaccc.gacga t 21 

<210 SEQ ID NO 23 
<211 LENGTH: 28 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 23 

cgacgaaatt cotaacgcaa cc.gcttaa 28 

<210 SEQ ID NO 24 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 24 

titt.cggatgg gaacggtgta 2O 

<210 SEQ ID NO 25 
<211 LENGTH: 17 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 25 

citcc caccgc cqttacc 17 

<210 SEQ ID NO 26 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 26 

cc.cgtc.ctaa ccgt.ccgc.cc t 21 

<210 SEQ ID NO 27 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 27 

tcqtcqtcgt titcggittagt t 21 

<210 SEQ ID NO 28 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 28 

c cct cogalaa cqctat cqa 19 

<210 SEQ ID NO 29 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 29 

cgaccatalaa cqccaacgcc g 21 

<210 SEQ ID NO 3 O 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 30 

Feb. 19, 2009 
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tttitttitt to ggacgt.cgtt g 21 

<210 SEQ ID NO 31 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 31 

ccticta cata cqc cqc gaat 2O 

<210 SEQ ID NO 32 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 32 

aattac.cgaa alacatcgacc ga 22 

<210 SEQ ID NO 33 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 33 

tggaattitt C ggttgattgg tt 22 

<210 SEQ ID NO 34 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 34 

aacaacgt.cc gcacct cot 19 

<210 SEQ ID NO 35 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 35 

accc.gaccCC gaaccgcg 18 

<210 SEQ ID NO 36 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 36 

gaac caaaac got coccat 19 

Feb. 19, 2009 
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<210 SEQ ID NO 37 
<211 LENGTH: 27 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 37 

ttatatgtcg gttacgtgcg tittatat 27 

<210 SEQ ID NO 38 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 38 

cc.cgtcgaaa accc.gc.cgat ta 22 

<210 SEQ ID NO 39 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 39 

gcgt.cggagg tta aggttgt t 21 

<210 SEQ ID NO 4 O 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 40 

citct coaaaa ttaccgtacg cq 22 

<210 SEQ ID NO 41 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 41 

aact cqct cq ccc.gc.cgaa 19 

<210 SEQ ID NO 42 
<211 LENGTH: 2O 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 42 

titt.cggatgg gaacggtgta 2O 

<210 SEQ ID NO 43 
<211 LENGTH: 17 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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ggggat.cggg gag togcgtt ttt attta titcgggcgtt tdggagttitt titcggitttitt SOO 

tcggagcgtt gtcggagg to gattataggc gttagcgt.cg gagattagtic ggggcggcgg 560 

cgggaatata gttagggagt gagtgggggg cqtagattitt ttt taggcgt. C9gttittaga 62O 

ttttgtcgtt gcgagttgtc. gagtttittitt cqcggaggga ataaagttitt C9gcgttggit 68O 

tcqgttcggit tdtttitttitt at attitcgaa gtagtttittc ggtttitttgt cqttttittgg 74 O 

gcggaggg.cg gttcgg taggc ggttaatggg gattttgtaa gC9ggttggc gg.cgcggttt 8OO 

attt atttitc gagttgttitt gttaggtogg C9ttgcgggit tttgcgcggc gttcgttgtt 86 O 

tttitt tagtt togcgttt cq ggttcgttgg cdc.gttittat cqcgtatatt togtatatat 92 O 

ttatt cqttt tat atttacg tcggit cqggg agittagtgcg titcgttctgga acgcgggcgt. 98 O 

tittatttgttgatatattgtt aagttgttitt ttgattgggit tittagggaaa tacggitttitt 2O4. O 

tcgttt cag atgtgt attg ggattittagt ttgttgtcggg tacggtgttt gg tatgggaa 21OO 

aattatatag aataaaatag atttittittaa attitttgttt titcggaaatt td tattittgg 216 O 

tgggatagat agataataaa tatgtaagtt aattaataag gtaattittgg aggattagtt 222 O 

ttacgttt at tacgaaatag gttaatggaa tagagaatgg tagga aggga gcg tattitta 228O 

ttagattggg tttittttgtc. ggattggtgt tagt cag gtttgaaggit aagaaggttt 234 O 

gtaatttgaa gaaagggttg aggttitt.cga gatttaaaga agtaatagag acgtagagtt 24 OO 

tatttgcgtt attittatatgttattggitta ttgttgagtt gaaatgtagt tagttittaaa 246 O 

ttaattgttgttgtaagtgta aaatatatat tagagtttaa g 25O1 

<210 SEQ ID NO 50 
<211 LENGTH: 45O1 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 5 O 

tittatttgtt ttataggatt ttt tatggaa ttittggagtt tttgaggcga gagggattitt 6 O 

ggat attatt gagttt tatt ttt tatttaa taaatataga agtggacgtt toggataggta 12 O 

aagtgatttg attalaggtag gtgtatagitt attttgtaat attgggaata aattittaggit 18O 

tttittgattt tttgtttitta ttittatttitt tttittattitt ttagaaataa agtttittatg 24 O 

tgtttitttitt tatagtgata tdtttggaat g tatt agitta gtaatttagg aagggaaaaa 3OO 

aataaatata taagagataa atttgttagg aggataaatt td tattgttt ttgattggitt 360 

tagagggtga ttatt attat gigtagaga at tatttaatta gtgtaagtaa aattitttittg 42O 

tgggttgggt attgtataaa gatttaaacg aatttgttta tagatttgaa aagtagatac 48O 

gagatttgttgaatggttggg gtttittaagt ttatagtata agtatgggitt at attittata 54 O 

gtttggagga ttgagttittgaaaatgggta agtttittitta tttttittgaa ttittatttitt 6OO 

tittatattta aaataaggat gag tagttitt tdaggtttitt tttacgattt tttitttittat 660 

agattittagt attittata at ttgatataaa gagggtggat atgaattitat ttitttittaga 72 O 

aaagttt tag gaaagaga at attaggitt at tittagtaggit gtgtagatag gttagataga 78O 

ttittgaaatt tatttagttt tttittagatg tataattitta ttattgttitt tagttgttaa 84 O 

gagaaagtag gagagtttgt atttittattt tttitttittitt tttitttittitt tttggagacg 9 OO 
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gagttittatt 

togttttitta 

cgtttatt at 

ttagttagga 

gttgggatta 

ttaggttitat 

aggttt atgg 

taggaggatt 

aattaaattg 

aatattittaa. 

ttaggatagg 

aaaagattag 

gatgttttitt 

at attittagg 

tgaaaagaaa 

tittggaaagt 

ataagcgaat 

gtttittaggg 

tttittgagat 

ttittaaagta 

aaatagtgtt 

agtgaaggta 

attggtttitt 

ttittggaaat 

gagatgtaaa 

ttgttittaaa 

aagtgtagaa 

tgttgacgtt 

gacgagttitt 

agtgggagtg 

tacggtgaga 

aaggatagta 

tggat.cgttt 

aagggtggag 

gttttittaaa 

ttgttggtttg 

tagggagttt 

agaattttgt 

ttattattta 

ggtttacgtt 

tat atttggit 

tggittt cat 

taggcgtgag 

tittatttagt 

at attatgat 

ttitttacgta 

tttittatacg 

ttgaaaagtt 

gagtgagaag 

attatatttg 

atgagaaaat 

taaggtttitt 

gggaa.gaga.g 

tttittaaaat 

tttittaaatt 

tattttgttt 

tittatttggit 

tttittattgt 

agaaaaat at 

gggalaggttt 

tttittt tatg 

at tattitt tt 

tagaggagtt 

tttgtggitat 

agatggaaga 

tagggaaatg 

tggttggitta 

at atttgttgt 

tatagaattit 

attgttgttag 

ttittggittitt 

ttttgttagt 

tatgtttagg 

ttittagagtt 

titt titt tatt 

tttgttttitt 

ggittagagtg 

attttitttgt 

taattittittg 

tttittgattt 

ttatcg tatt 

ttattaagtg 

atttagattg 

aggattitatg 

gtggg tagag 

tittggaattic 

aaattaatta 

tgtttittata 

tgttgtttga 

cgttggagaa 

ggtttittatt 

tttittatatg 

ttattacgta 

aggatttagt 

tttgagaggg 

ggttggggaa 

cga.gagatag 

ttaaagttgg 

gttaaagtgt 

acgaatttitt 

ttgagaaaga 

ttittaatagg 

ttittagttgt 

tatgttttitt 

ttaattattt 

ttgtttittitt 

tgtttittaaa 

ttatttgtaa 

attatagttt 

tatggg tagg 

gttitttgtat 

gattitttgtt 

atcgtagaga 

ttatagttitt 

tagtgg tatg 

tittagtttitt 

tgttgttagt 

cgtgatt.cgt. 

tagtttgtat 

atgttgaata 

atgggtgttt 

gagtttgttg 

gggaattgat 

gttgaattitt 

aaaggtaatt 

attaagtagt 

agtttagtag 

aatat cqgta 

atgtaagatg 

attgttggaat 

tgtttittatt 

tagttgttgg 

ttaaaaagta 

gtaatagaat 

aaatatttitt 

gtggagggga 

ttalaagggga 

cggittitttgt 

agttgaattit 

atgaagcgga 

aaatggittat 

tittagatggg 

tatttittittg 

tatttataaa. 

aatataaagt 

ttatt tatta 

tggattagtt 

gaattattitt 

ttgttgttitt 

tttgtttatt 

gag taggittt 

agt attatag 

73 
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attittagttt attgtaagtt 

talagtaattg ggattatagg 

atagacgggg ttt tatt atg 

ttattittggit tttittaaagt 

ttittatttitt attgttagtt 

attaatttitt at at attatt 

gttgaagggg gtgattittag 

tttitttittitt ttagggtgag 

ttaggitttgg aataagaga.g 

aagat attgt gtggattagt 

tcqttattitt ttagttggaa 

tgttggaaaa aaacgttitta 

aagttattta tittgatattt 

ttittggataa aattgaaatg 

tittatttaaa gtggatttgg 

aagttatgttg ggg.cgcgggg 

taatttggat ttittagagtg 

ttatattitat gttttittagt 

gtgtggittaa at attittagg 

tat atttitat aaaataatga 

acgagittagg ttatagittag 

taagttaaaa agatgtggaa 

aaaaggagtt ttaaaaatgt 

tgttittaatgttatttgttt 

gtattttittt ttgttttitat 

agagaaaggg aaa.gagataa 

ttgtagttag atggaat agt 

aaggagtagt gigaaaggggt 

tgtcggttitt ttatttggaa 

gattattgttg agagittataa 

agaattalaga tigittaataat 

tagttagt cd tittaggattit 

tatttittaaa tttitttgttg 

tttttgtttt tittatttittt 

ttttgtttgg tatttitttitt 

ttittagcgag gatgg tattt 

tttittagtta tdtttaattit 

aaaattattt tdtgt attta 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

3 OOO 

3 O 6 O 

312 O 

318O 
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gttgttcgtt ttgcgt.cgtt gtttgggcgg togagtgata tagcgttggg tttitcgggga 660 

titt.cgttt cq ggttgttggg gttcgtttitt ttagattaat gigtagagtc.g. tattattitta 72 O 

tCggittttitt aaaaaggggg C9ggg.tc.ggg gataaggggt alacgggg.cgg gttcgttitt C 78O 

ggat.cgttta gatttittata gggaataatgtcgt.cgtggg tacgc.gagtg ggtgggttgg 84 O 

ggcgcgttcg ggat.cggtgt ttgtcgttgg gttitt cqgag cqgagttitt C gtgtttittitt 9 OO 

tcqtttgcgt tttggittitta cqtttatttg ggittattggg togtttittgat ttaaattaga 96.O 

attaattaat atttattt at tittagtagga t cqtttittat aggtgagggg toggittatgtt O2O 

ttagagattt tattgttgtt ttggaatt agcgggggala tittaattgt tatttittitta O8O 

gtttittittgg agagagtagg tatagaggag aaagatttaa atttitttittt tttitttittitt 14 O 

tttittggttt ttatttitttg ggatatggga agittatttgt tdtttgtagt toggittatgat 2OO 

atatgataga agattgttitt ttgttgtttitt ttagagtaaa cqgggttittg tatttattta 26 O 

ataaatacgg tittaggatgt togggittaagt aatataaagt ttttgttitt c gtggatattt 32O 

atgaatgt at agggtgattt tttgttgatgt tagggittatg aagaaaataa aatagagttt 38O 

tgggttggat atgattgggg agggitttgtt tttitttgcga tagta aggga agggitttittt 44 O 

gaagttgtt at titt cqttgag aagtggataa agataaggat tagttittggg gtaagttata SOO 

ggagagaggt attagg tagg gggaatagta agtgtaaaga titttggg tat gtttgaaaga 560 

tagaaagtag aaaggtaaga ggaagtggitt ttttgttitat ggttgataga gttitt attitt 62O 

ttagta aggg atttgggggt gagttgattt aaaattgtag taaaattagg agaacgattt 68O 

aggattittag acgattagtt ataatagatg attgtagata attaatataa ttatt attitt 74 O 

tatt attgat attittgattt tdttttgt at ttittaaaagt aggattttgt attittatcqt 8OO 

attatagttt ttataataat ttttgttgggt aggaaaagta agtataagta ttatttittat 86 O 

tttittagatg aggaatcggt at agaaagat gggatgattg gtggittagtt aggaatt.cgt. 92 O 

tatttitttitt tattgtttitt ttittatttga agagagatat g tatttittitt gaacgittagt 98 O 

agttgttitta tittaattgta aatggittatt tdtagttggg atttitt tatt tttittatatt 2O4. O 

tttgtttittt tttitttitttt titt cqttitta ttttgttaga aatgttataa gtttggaata 21OO 

aatagaaata gggagaaatg taagtttagt tttittttitta gaattitttitt gtttatattt 216 O 

tagataagtg at attgggat agtagagg to gaagaatticg tagagatgg tatttittaag 222 O 

aatatttittgaaattitttitt tttittttittg agtattt tag titataggaaa goggaaattag 228O 

tttittatatt tttittgattt gtttitttitta tittagttitta aaaattittitt ttgtttittat 234 O 

tittaattgttg gtttaatticq tagagatgtt tttgtttitt c gatgtttittt tag tattgtt 24 OO 

tittattgttt tatggggitat gattittattgtttittittaat tatag tagga at attittgag 246 O 

gtttgggata tittagttata ttgttttitta gtttittt tag aattaaatag gigttittagga 252O 

gattggagag tatgggtgtg gttaatagitt gattgagttt tagtagagt gttittggagg 2580 

ttattittaag gatttaggitt gaatgagggit atacgtggtg gaatttgaga gatt.cgttta 264 O 

ttitt cqcgtt ttatatgatt tattittatag titatgtggaa gottt tagaa gatttitt tag 27 OO 

attaaattta ttittggataa gtattittata tdatagaggit tttitttittitt tttitttittitt 276 O 

at attittagt tttgtttaaa gtgtcgatat tttttittaac gigaaggttitt gtttggaata 282O 

taagtattaa gtagataatt tttgttgaat tittaagtagt agtttittitta tagaaagtat 288O 
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ttgaag.cgitt tttittt tagt agittatttaa titatgaaagt ataagtataa tittgatttitt 294 O 

tttittagttgaaaagtaacg aaattattitt ttggittaatt ttitttittatt ttittattitta 3 OOO 

agttggittta tatagtgttt tdaagtttag cqaattittaa gagttttitta gttgggatgt 3 O 6 O 

tttitttitt at tittaaatttg agittagttitt tttttgttta t cqtgtgaag gtagtttggit 312 O 

ttittattitta aggaaaagaa at agtaaatt titatgaattt ttgcgtaggg gagtttittitt 318O 

gttagggitta tttitttittag tagg tattta ttagtttgga tigittatggtg tittatgagtt 324 O 

taataatatg taagaattgg ttatttaata ttatttaata agittaggtgg ggtgaatttg 33 OO 

aggittaatag taagaatgaa gatgtaggitt gggtgcggtg gtttacgttt gtaattittag 3360 

tattittgaga ggittalaggtg ggcggattac gaggittagga gat.cgagatt attittggitta 342O 

atatggtgaa attitcgtttg tattaataat ataaaaaatt agittaggtgt ggtggtgggc 3480 

gtttgtagtt ttagtt attt gggaggttga gg taggagaa tigcgtgaat ttgggaggcg 354 O 

gagtttgtag tagttgaga t tatgttatt gtattittagt ttaggtgatg gagtgagatt 36OO 

tcqtttittaa aaaaaaaaaa aaaaaaaaaa agaatgaaga tigtaggittitt tttgttttitt 366 O 

tittgatagitt aagaataatgatagagtt at at atttggga agaattgagt aagttittaag 372 O 

atttatttgg tttgtttata tattt attag gatgatttgg tatttitttitt tttggaattit 378 O 

ttittaggaaa gotgagttta tatttattitt ttttgtatta agittatagga tigittagagtt 384 O 

tgtaggaaga gaagttcgtaa aaaggattitt agaaattatt tattitttgtt ttaaatgtgg 3900 

gaaaaataag gtttagagaa gtgaagga at ttgtttattt ttagggittta gttttittaag 396 O 

ttgtaaggtg toggtttatgt ttg tattgtg ggtttggaaa ttittagttat ttatagattit 4 O2O 

cg tatttgtt ttittagattt gtagatagat t cqtttgagt ttttgtatag tdtttagttt 4 O8O 

atagagaaat tittatttata ttgattaaat aattittittat tatgataata attattttitt 414 O 

gagittaatta gaagtaatat aggtttgttt ttittgatagg tittattttitt gtgtgttitat 42OO 

tttitttittitt ttittaaatta ttagttaatg tattittaaat at attattat aaaaaaaagt 426 O 

atatgaaaat tttgtttittg ggaaatgaaa agagagtaaa gtggaaataa aaaattaaaa 432O 

gatttgagat ttgtttittaa togttgtagaa tagttgttgta tttgttittgg ttaagttatt 438 O 

ttgtttgttt aggcgttt at ttttgttgttt attggatgaa agatagaatt tagtgg tatt 4 44 O 

taggatttitt titcgttittaa aaattittaag attittatggg gaattttgta ggataagtga 4500 

a. 45O1 

<210 SEQ ID NO 52 
<211 LENGTH: 3 OO1 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 52 

gaagttgttaa tottagattt ttatttatta tataagttta tttttgtatt aggg tagtga 6 O 

tttitttittitt togggtgagat tittgaaattt gggattataa ttittgaatta taattataaa 12 O 

atgg tatttg gttgtaaatt atttittttitt tttittttgtt ttittatagitt gat attatgg 18O 

atttittataa gogattitatgt tttittattta ttittaatgaa tagttgttgg gtaataattit 24 O 

tagaagagtt ttaatttitta ttaggagaat ggatalaggtg gagaagtaga gaaaatgtaa 3OO 
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tittgagtgtt agg tatttga gtgttaggtg atttgtaagt gitatgtggag ttggg taggc 1560 

gaacgttittg gttittagagt ttgttgtttitt agatttgagg tdtgagggga gatttgattt 162O 

tttitttittitt tttittttitta ttttittaa at tatat cqtgt gtgtgttgttgt gtgtgtgttt 168O 

gtgttgttgttgt ggtagagttt cqtttttgtt gtttaggttg gagtgtaatg gtacgattt C 1740 

ggtttatcgt aattitttgtt titt cqggttt aag catttt tttgttt tag tttitt coagt 18OO 

agttgggatt at agg tatgt attattacgt ttggittaatt ttg tatttitt agtagagacg 1860 

gggtttittitt atgttggitta ggttggtttc gaatttittaa ttt taggtga titcgttcgtt 1920 

tcqgttttitt aaagtgttgg gattgtaggc gtgagttatc gcgttcgatt tittattttitt 198O 

aattitttittg tdaattagat tdttittgaaa gatttaggaa tttittaagat gtagttatat 2O4. O 

ttgttgattat tttgtagg ta gtacggaaat agaattittaa tataaagtta tattgtaatg 21OO 

gatgaattag tttgttgatt atttacgitaa aggttitt tag aagggaggag tttgtatgtt 216 O 

tataaagggit tittagggittt ggtagatata tacgtgttgtt toggaggala ggg tatttag 222 O 

tgaaaatttgttaaaagtaa aataatgaga attaggtttg aggtgtaggit ttittagagt 228O 

ttaaagtagg tatgtagtag gtattgttgg atatagtgta tittggagttt gttgaatata 234 O 

ttaaatttitt titatgtgaat toggatttgaa gaattgttitt titt cqaaaga aaaaagatta 24 OO 

tttittgaaat agtaaaaatt atagaaataa aaaagaatag gaattgaatg agaaaaatgt 246 O 

ttgggggtgg gaggtaaagt ttaat attitt taataattaa aaagtttittt tdttgttatt 252O 

ttagtatatg aaggg tagtg ttgtaattitt at agggtgtt atagagttga tittitt atggit 2580 

tatggagttt tttitttittitt agatattatt ttgtttattt atttitttittt tttittacgta 264 O 

tttitttitt at titt tattitat gtttagttaa ttittaaagtg atgatttaga tattittattt 27 OO 

attg tattitt ttttgtttitt ttattttgtt tatttittittg atgagaattig gaattitttitt 276 O 

agaattgttgtttaataatt gttt attaaa gtgaatagaa gatatgaatt tittatgggaa 282O 

tittataat at taattgtgag gaatagaaaa aaaaaggaga taatttatag ttaaat atta 288O 

ttittataatt ataatttaaa attataattt tagattittaa gottt tattt aaagaagaaa 294 O 

gttattgttt tagtataaga gtgggttt at gtagt gggta aaaatttgat attag tattt 3 OOO 

t 3 OO1 

<210 SEQ ID NO 54 
<211 LENGTH: 25O1 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 54 

tittggattitt aatgtg tatt ttatatttat agtataatta atttgggatt agittatattt 6 O 

tagtttaata atagittaata gtatatggga tagtgtaaat aaattttgttg ttitttgttgt 12 O 

tttitttgggt tttggagatt ttaatttittt ttittagattig taaattittitt tdtttittaag 18O 

ttittggittitt aat attagtt togg tagagga atttagttta atgagg tatgtttitttittitt 24 O 

gttatttittt attitt attaa tttgttttgt gigtaaatgta ggattgattt tittaaaatta 3OO 

ttitt attaat tag tittatat atttattatt tatttgttitt attagaatgt aggtttittgg 360 

aagg taggga tittaaaaaaa tttgttttgt tittatgtgat ttttittatat taagtattgt 42O 
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tgggatagat agataataaa tatgtaagtt aattaataag gtaattittgg aggattagtt 222 O 

titatgttt at tatgaaatag gttaatggaa tagagaatgg tagga aggga gtgtattitta 228O 

ttagattggg tttittttgtt ggattggtgt tagttgag gtttgaaggit aagaaggttt 234 O 

gtaatttgaa gaaagggttg aggtttittga gatttaaaga agtaatagag atgtagagtt 24 OO 

tatttgttgtt attittatatgttattggitta ttgttgagtt gaaatgtagt tagttittaaa 246 O 

ttaattgttgttgtaagtgta aaatatatat tagagtttaa g 25O1 

<210 SEQ ID NO 56 
<211 LENGTH: 45O1 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 56 

tittatttgtt ttataggatt ttt tatggaa ttittggagtt tttgaggtga gagggattitt 6 O 

ggat attatt gagttt tatt ttt tatttaa taaatataga agtggatgtt toggataggta 12 O 

aagtgatttg attalaggtag gtgtatagitt attttgtaat attgggaata aattittaggit 18O 

tttittgattt tttgtttitta ttittatttitt tttittattitt ttagaaataa agtttittatg 24 O 

tgtttitttitt tatagtgata tdtttggaat g tatt agitta gtaatttagg aagggaaaaa 3OO 

aataaatata taagagataa atttgttagg aggataaatt td tattgttt ttgattggitt 360 

tagagggtga ttatt attat gigtagaga at tatttaatta gtgtaagtaa aattitttittg 42O 

tgggttgggt attgtataaa gatttaaatgaatttgttta tagatttgaa aagtagatat 48O 

gagatttgttgaatggttggg gtttittaagt ttatagtata agtatgggitt at attittata 54 O 

gtttggagga ttgagttittgaaaatgggta agtttittitta tttttittgaa ttittatttitt 6OO 

tittatattta aaataaggat gag tagttitt tdaggtttitt tittatgattt tttitttittat 660 

agattittagt attittata at ttgatataaa gagggtggat atgaattitat ttitttittaga 72 O 

aaagttt tag gaaagaga at attaggitt at tittagtaggit gtgtagatag gttagataga 78O 

ttittgaaatt tatttagttt tttittagatg tataattitta ttattgttitt tagttgttaa 84 O 

gagaaagtag gagagtttgt atttittattt tttitttittitt tttitttittitt tttggagatg 9 OO 

gagttittatt ttattattta ggittagagtg tagtgg tatg attittagttt attgtaagtt 96.O 

ttgttttitta ggtttatgtt atttittttgt tittagtttitt taagtaattig gagattatagg O2O 

tgtttatt at tatatttggit taatttitttgttgttgttagt atagatgggg ttittatt atg O8O 

ttagttagga tiggittittgat tttittgattt tdtgatttgt ttattittggit tttittaaagt 14 O 

gttgggatta taggtgtgag titattgtatt tagtttgtat titt tatttitt attgttagtt 2OO 

ttaggttt at tittatttagt ttattaagtg atgttgaata attaatttitt at at attatt 26 O 

aggttt atgg at attatgat atttagattg atgggtgttt gttgaagggg gtgattittag 32O 

taggaggatt tttittatgta aggattitatg gagtttgttgtttitttittitt ttagggtgag 38O 

aattaa attg tttittatatg gtggg tagaggggaattgat ttaggitttgg aataagaga.g 44 O 

aatattittaa ttgaaaagtt tttggaattt gttgaattitt aagatattgt gtggattagt SOO 

ttaggatagg gagtgagaag aaattaatta aaaggtaatt ttgtt attitt ttagttggaa 560 

aaaagattag attatatttgtgtttittata attaagtagt togttggaaaa aaatgttitta 62O 
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gatgttttitt atgagaaaat tdttgtttga agtttagtag aagttattta tittgatattt 168O 

at attittagg taaggtttitt togttggagaa aatattggta ttittggataa aattgaaatg 1740 

tgaaaagaaa gggaagagag ggtttittatt atgtaagatgttt atttaala gtggatttgg 18OO 

tittggaaagt tttittaaaat tttittatatg attgttggaat aagttatgtggggtgtgggg 1860 

ataagtgaat tttittaaatt ttattatgta tdtttittatt taatttggat ttittagagtg 1920 

gtttittaggg tattttgttt aggatttagt tagttgttgg ttatattitat gttttittagt 198O 

tttittgagat titt atttggt tttgagaggg ttaaaaagta gtgtggittaa at attittagg 2O4. O 

ttittaaagta tttittattgt gigttggggaa gtaatagaat tatatttitat aaaataatga 21OO 

aaatagtgtt agaaaaat at tdagagatag aaatatttitt atgagttagg ttatagittag 216 O 

agtgaaggta gggalaggttt ttaaagttgg gtggagggga taagttaaaa agatgtggaa 222 O 

attggtttitt tttittt tatg gttaaagtgt ttaaagggga aaaaggagtt ttaaaaatgt 228O 

ttittggaaat attatttittt atgaatttitt tdgttitttgt tdttittaatgttatttgttt 234 O 

gagatgtaaa tagaggagtt ttgagaaaga agttgaattt g tatttittitt ttgtttittat 24 OO 

ttgttittaaa tttgttggt at ttittaatagg atgaagtgga agagaaaggg aaa.gagataa 246 O 

aagtgtagaa agatggaaga titt tagttgt aaatggittat ttgtagittag atggaat agt 252O 

tgttgatgtt tagggaaatg tatgttttitt tttagatggg aaggagtagt ggaaaggggt 2580 

gatgagttitt tdgttggitta ttaattattt tatttittttgttgttggttitt ttatttggaa 264 O 

agtgggagtg at atttgttgt ttgtttitttt tatttataaa gattattgttg agagittataa 27 OO 

tatggtgaga tatagaattt tdtttittaaa aatataaagt agaattalaga tigittaataat 276 O 

aaggatagta attgttgttag titatttgtaa ttatttatta tagttagttg tittaggattit 282O 

tggattgttt ttittggittitt attatagttt toggattagtt tatttittaaa tttitttgttg 288O 

aagggtggag titttgttagt tatggg tagg gaattattitt ttitttgttitt tittattttitt 294 O 

gttttittaaa tatgtttagg gttitttgt at ttgttgttitt ttttgtttgg tatttitttitt 3 OOO 

ttgttggitttgttittagagtt gattitttgtt tttgtttatt ttittagtgag gatgg tattt 3 O 6 O 

tagggagttt tttittt tatt attgtagaga gag taggittt tttittagtta tdtttaattit 312 O 

agaattttgt tttgtttittt ttatagttitt agtattatag aaaattattt tdtgt attta 318O 

tggatgttta tiggggtaag ggttttgttgt ttittaattt agt attittga attgttgtttg 324 O 

ttgaatgaat atagaattitt gtttgttittg ggagagtata gaaaatagitt ttitt attata 33 OO 

tattatagitt agttgtaaat agtagatggit tttittatatt ttagagagta agaattagag 3360 

agagagagaa agagagagag tittgggtttt tttitt tttgt gtttgtttitt tttagagaaa 342O 

ttggaggggt agtagttagt atttittttgt tdgttittatt aagtatagitt aaggtttitta 3480 

ggatatggitt atttitt tatt ttggaagtg gttttgttgg ggtgggtggg tottagttgg 354 O 

ttittggtttg ggittagagat atttagtggt ttaggtgggt gtggggittag ggtgtagatg 36OO 

agaaggggta tagggittitt gttittgagga tittagtggta agt attggitt ttgggtgttgt 366 O 

tittagttt at ttatttgttgt gtt tatggtg g tatt attitt ttataaggat ttgaatgatt 372 O 

tgggggtggit tttgttttgt tatttitttgt ttittggittitt gtttitttittt toggagggttg 378 O 

atgaggtaat gtggittttgt tattggtttg agggggtggg ttittaatagt ttgaggtggg 384 O 

gtttittgggg gtttagtgtt at attatttg gttgtttagg tagtggtgta gagtggg tag 3900 
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atgaatgt at agggtgattt tttgttgatgt tagggittatg aagaaaataa aatagagttt 38O 

tgggttggat atgattgggg agggitttgtt tttitttgttga tagta aggga agggitttittt 44 O 

gaagttgtt at ttttgttgag aagtggataa agataaggat tagttittggg gtaagttata SOO 

ggagagaggt attagg tagg gggaatagta agtgtaaaga titttggg tat gtttgaaaga 560 

tagaaagtag aaaggtaaga ggaagtggitt ttttgttitat ggttgataga gttitt attitt 62O 

ttagta aggg atttgggggt gagttgattt aaaattgtag taaaattagg agaatgattt 68O 

aggattittag atgattagtt ataatagatg attgtagata attaatataa ttatt attitt 74 O 

tatt attgat attittgattt tdttttgt at ttittaaaagt aggattttgt attittattgt 8OO 

attatagttt ttataataat ttttgttgggt aggaaaagta agtataagta ttatttittat 86 O 

tttittagatg aggaattggt at agaaagat gggatgattg gtggittagtt aggaatttgt 92 O 

tatttitttitt tattgtttitt ttittatttga agagagatat g tatttittitt gaatgttagt 98 O 

agttgttitta tittaattgta aatggittatt tdtagttggg atttitt tatt tttittatatt 2O4. O 

tttgtttittt tttitttitttt ttttgttitta ttttgttaga aatgttataa gtttggaata 21OO 

aatagaaata gggagaaatg taagtttagt tttittttitta gaattitttitt gtttatattt 216 O 

tagataagtg at attgggat agtagaggitt gaagaatttgttgagagatgg tatttittaag 222 O 

aatatttittgaaattitttitt tttittttittg agtattt tag titataggaaa goggaaattag 228O 

tttittatatt tttittgattt gtttitttitta tittagttitta aaaattittitt ttgtttittat 234 O 

tittaattgttg gtttaatttg tagagatgtt tttgttttitt gatgtttittt tag tattgtt 24 OO 

tittattgttt tatggggitat gattittattgtttittittaat tatag tagga at attittgag 246 O 

gtttgggata tittagttata ttgttttitta gtttittt tag aattaaatag gigttittagga 252O 

gattggagag tatgggtgtg gttaatagitt gattgagttt tagtagagt gttittggagg 2580 

ttattittaag gatttaggitt gaatgagggit atatgtggtg gaatttgaga gatttgttta 264 O 

ttitttgttgtt ttatatgatt tattittatag titatgtggaa gottt tagaa gatttitt tag 27 OO 

attaaattta ttittggataa gtattittata tdatagaggit tttitttittitt tttitttittitt 276 O 

at attittagt tttgtttaaa gtgttgat at tttttittaat gigaaggttitt gtttggaata 282O 

taagtattaa gtagataatt tttgttgaat tittaagtagt agtttittitta tagaaagtat 288O 

ttgaagtgtt tttittt tagt agittatttaa titatgaaagt ataagtataa tittgatttitt 294 O 

tttittagttgaaaagtaatgaaattattitt ttggittaatt ttitttittatt ttittattitta 3 OOO 

agttggittta tatagtgttt tdaagtttag tdaattittaa gagttttitta gttgggatgt 3 O 6 O 

tttitttitt at tittaaatttg agittagttitt tttttgttta ttgttgttgaag gtagtttggit 312 O 

ttittattitta aggaaaagaa at agtaaatt titatgaattt ttgttgtaggg gagtttittitt 318O 

gttagggitta tttitttittag tagg tattta ttagtttgga tigittatggtg tittatgagtt 324 O 

taataatatg taagaattgg ttatttaata ttatttaata agittaggtgg ggtgaatttg 33 OO 

aggittaatag taagaatgaa gatgtaggitt gggtgtggtg gtt tatgttt gtaattittag 3360 

tattittgaga ggittalaggtg ggtggatt at gaggittagga gattgagatt attittggitta 342O 

atatggtgaa attttgtttg tattaataat ataaaaaatt agittaggtgt ggtggtgggt 3480 

gtttgtagtt ttagtt attt gggaggttga gg taggagaa tigtgttgaat ttgggaggtg 354 O 

gagtttgtag tagttgaga t tatgttatt gtattittagt ttaggtgatg gagtgagatt 36OO 
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ttgtttittaa aaaaaaaaaa aaaaaaaaaa agaatgaaga tigtaggittitt tttgttttitt 366 O 

tittgatagitt aagaataatgatagagtt at at atttggga agaattgagt aagttittaag 372 O 

atttatttgg tttgtttata tattt attag gatgatttgg tatttitttitt tttggaattit 378 O 

ttittaggaaa gotgagttta tatttattitt ttttgtatta agittatagga tigittagagtt 384 O 

tgtaggaaga gaagttgtaa aaaggattitt agaaattatt tattitttgtt ttaaatgtgg 3900 

gaaaaataag gtttagagaa gtgaagga at ttgtttattt ttagggittta gttttittaag 396 O 

ttgtaaggtg toggtttatgt ttg tattgtg ggtttggaaa ttittagttat ttatagattit 4 O2O 

tg tatttgtt ttittagattt gtagatagat ttgtttgagt ttttgtatag tdtttagttt 4 O8O 

atagagaaat tittatttata ttgattaaat aattittittat tatgataata attattttitt 414 O 

gagittaatta gaagtaatat aggtttgttt ttittgatagg tittattttitt gtgtgttitat 42OO 

tttitttittitt ttittaaatta ttagttaatg tattittaaat at attattat aaaaaaaagt 426 O 

atatgaaaat tttgtttittg ggaaatgaaa agagagtaaa gtggaaataa aaaattaaaa 432O 

gatttgagat ttgtttittaa togttgtagaa tagttgttgta tttgttittgg ttaagttatt 438 O 

ttgtttgttt aggtgttt at ttttgttgttt attggatgaa agatagaatt tagtgg tatt 4 44 O 

taggatttitt tttgttittaa aaattittaag attittatggg gaattttgta ggataagtga 4500 

a. 45O1 

<210 SEQ ID NO 58 
<211 LENGTH: 3 OO1 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 58 

gaagttgttaa tottagattt ttatttatta tataagttta tttttgtatt aggg tagtga 6 O 

tttitttittitt togggtgagat tittgaaattt gggattataa ttittgaatta taattataaa 12 O 

atgg tatttg gttgtaaatt atttittttitt tttittttgtt ttittatagitt gat attatgg 18O 

atttittataa gogattitatgt tttittattta ttittaatgaa tagttgttgg gtaataattit 24 O 

tagaagagtt ttaatttitta ttaggagaat ggatalaggtg gagaagtaga gaaaatgtaa 3OO 

tgagtagaat gtttaagtta ttattittgga attgattgaa tataaataaa aatgagaaag 360 

atatgtaaaa aagaagggaa tiggtaagta gggtgatgtt toga.gagga ggggtttitat 42O 

agittatgaga gttaattittg taatattitta tagggittata at attgttitt ttatatattg 48O 

aggtag tagt agggaaattt tittaattatt agaaatattgaattttgttt tittatttitta 54 O 

aatatttittt ttatttagtt tttgtttittt tittatttittg taatttittat tdttittaaaa 6OO 

atgattittitt tttittittgga agaagtaatt ttittaaattt agtttatata aggggatttg 660 

atatgtttaa taagttittaa atatattgta tittagtaata titt attatat gtttattittg 72 O 

agttittgagt aatttgtatt ttaagtttag tttittattgt tttgtttittg gtaaatttitt 78O 

attaagtgtt tttitttittitt aaatatatgt atatgttitat tagattittaa agttttittat 84 O 

gaatatgtaa atttittttitt tttgaaaatt tttgttgtgag toggittagtag gttaattitat 9 OO 

ttattgtaat gtggttttgt gttagggittt tdttitttgtg ttgtttgtaa gataattata 96.O 

gatgtgattg tattittagaa gtttittgaat tttittaagat agtttggittt ataagaaaat 1 O2O 
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tgaaaatttgttaaaagtaa 

ttaaagtagg tatgtag tag 

ttaaatttitt titatgtgaat 

tttittgaaat agtaaaaatt 

ttgggggtgg gaggtaaagt 

ttagtatatg aaggg tagtg 

tatggagttt tttitttittitt 

titt t t t t t at t t t tatt tatt 

attg tattitt ttttgtttitt 

agaattgttgtttaataatt 

tittataat at taattgtgag 

ttittataatt attaatttaala 

gttattgttt tagtataaga 

t 

<210 SEQ ID NO 60 
<211 LENGTH: 22 
&212> TYPE: DNA 

aataatgaga 

gtattgttgg 

tggatttgaa 

atagaaataa 

ttaat attitt 

ttgtaattitt 

agatattatt 

gtttagttaa 

ttattttgtt 

gttt attaaa 

gaatagaaaa 

attataattit 

gtgggittt at 

attaggtttg 

atatagtgta 

gaattgttitt 

aaaagaatag 

taataattaa. 

at agggtgtt 

ttgtttattt 

ttittaaagtg 

tatttittittg 

gtgaatagaa 

aaaaaggaga 

tagattittaa 

gtag tiggta 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 60 

ataaatcatC ccaaaacctic 

<210 SEQ ID NO 61 
<211 LENGTH: 18 
&212> TYPE: DNA 

ta 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 61 

cgc.gct actic cqcataca 

<210 SEQ ID NO 62 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 62 

gaggtaatcg agg.cggtcg 

<210 SEQ ID NO 63 
<211 LENGTH: 21 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 
&223> OTHER INFORMATION: 

<4 OO SEQUENCE: 63 

cgc.caattica tacgcc.gcac c 

89 

- Continued 

aggtgtaggit ttittagagt 

tittggagttt gttgaatata 

ttittgaaaga aaaaagatta 

gaattgaatg agaaaaatgt 

aaagttttitt tdttgttatt 

atagagttga tttittatggit 

attttitttitt tttittatgta 

atgatttaga tattittattt 

atgagaattig gaattitttitt 

gatatgaatt titt atgggaa 

taatttatag ttaaatatta 

ggttittattt aaagaagaaa 

aaaatttgat attag tattt 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

3 OOO 

3 OO1 

chemically treated genomic DNA (Homo sapiens) 

22 

chemically treated genomic DNA (Homo sapiens) 

18 

chemically treated genomic DNA (Homo sapiens) 

19 

chemically treated genomic DNA (Homo sapiens) 

21 

Feb. 19, 2009 
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90 

- Continued 

<210 SEQ ID NO 64 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 64 

accoaaaata cqctt cacg 19 

<210 SEQ ID NO 65 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 65 

gcgittatcgt aaagtattgc gc 22 

<210 SEQ ID NO 66 
<211 LENGTH: 19 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 66 

cgcgacgaac aaaacgc.cg 19 

<210 SEQ ID NO 67 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 67 

gcgttttacg tcgt.cgcg 18 

<210 SEQ ID NO 68 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 68 

gacgctaaac gcc accgt 18 

<210 SEQ ID NO 69 
<211 LENGTH: 23 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 69 

ccgaccatcc gacgcc titac tog 23 

<210 SEQ ID NO 70 
<211 LENGTH: 21 
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- Continued 

&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 7 O 

cgtttitt.cgt tittattitt cq c 21 

<210 SEQ ID NO 71 
<211 LENGTH: 18 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 71 

gacaaaaaac gcc acgtc 18 

<210 SEQ ID NO 72 
<211 LENGTH: 22 
&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 72 

ccgacaattic accogaat cac cq 22 

<210 SEQ ID NO 73 
<211 LENGTH: 18 

&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 73 

atct caccita ccgt.cgcg 18 

<210 SEQ ID NO 74 
<211 LENGTH: 19 

&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 74 

taggagtgcg atcgtttgc 19 

<210 SEQ ID NO 75 
<211 LENGTH: 27 

&212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: chemically treated genomic DNA (Homo sapiens) 

<4 OO SEQUENCE: 75 

acgaacgtta cqaccgatac ccaacta 27 

Feb. 19, 2009 
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1. A method for the detection of cell proliferative disorders, 
comprising determining the CpG methylation status of two or 
more of the genes ALX4, TPEF, p16/INK4A, APC, caveolin 
2, DAPK and TIMP3 and/or their regulatory sequences, 
wherein based on said determined methylation status, the 
presence or absence a colorectal cell proliferative disorder or 
metastasis is deduced. 

2. The method of claim 1, wherein said genes are selected 
from the group consisting of ALX4, TPEF and p16/INK4A. 

3. The method of claim 2, wherein said genes consist 
ALX4, TPEF and p16/INK4A. 

4. A method for the analysis of colorectal cell proliferative 
disorders, comprising determining the CpG methylation sta 
tus of the gene ALX4 and/or its regulatory sequences, 
wherein based on said determined methylation status the 
presence or absence of a colorectal cell proliferative disorder 
is deduced. 

5. A method for the analysis of colorectal cell proliferative 
disorders, comprising determining the CpG methylation sta 
tus of the gene ALX4 and/or its regulatory sequences and one 
or more of the genes selected from the group consisting TPEF, 
p16/INK4A, APC, caveolin-2, DAPK and TIMP3 and/or 
their regulatory sequences, wherein based on said determined 
methylation status the presence or absence of a colorectal cell 
proliferative disorder is deduced. 

6. A nucleic acid molecule consisting essentially of a 
sequence at least 18 bases in length according to a sequences 
selected from the group consisting of SEQID NOS: 7.8, 15 
and 16. 

7. An oligomer, in particular an oligonucleotide or peptide 
nucleic acid (PNA)-oligomer, for the detection of colon cell 
proliferative disorders, said oligomer consisting essentially 
of at least one base sequence having a length of at least 10 
contiguous nucleotides which hybridises to or is identical to a 
nucleic acid sequence selected from the group consisting of 
SEQID NOS:7,8, 15 and 16. 

8. The method of claim 1, comprising: 
obtaining, from a Subject, a biological sample having Sub 

ject genomic DNA; 
contacting the genomic DNA, or a fragment thereof, with 

one reagent or a plurality of reagents for distinguishing 
between methylated and non methylated CpG dinucle 
otide sequences within at least two target sequences of 
the genomic DNA, or fragment thereof, wherein the 
target sequence comprises, or hybridizes under Stringent 
conditions to, at least 16 contiguous nucleotides of a 
sequence taken from the group consisting of SEQ ID 
NOS:5 to SEQID NO:20 and SEQID NOS:48 to SEQ 
ID NO:59 said contiguous nucleotides comprising at 
least one CpG dinucleotide sequence; and 

determining, based at least in part on said distinguishing, 
the methylation state of at least one target CpG dinucle 
otide sequence, or an average, or a value reflecting an 
average methylation state of a plurality of target CpG 
dinucleotide sequences, whereby detecting, or detecting 
colon cell proliferative disorders is, at least in part, 
afforded. 

9. The method of claim 8, wherein distinguishing between 
methylated and non methylated CpG dinucleotide sequences 
within the target sequence comprises converting unmethy 
lated cytosine bases within the target sequence to uracil or to 
another base that is detectably dissimilar to cytosine in terms 
of hybridization properties. 

92 
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10. The method of claim 8, wherein the biological sample 
is selected from the group consisting of cell lines, histological 
slides, biopsies, paraffin-embedded tissue, bodily fluids, 
stool, blood, and combinations thereof. 

11. The method of claim 8, wherein distinguishing 
between methylated and non methylated CpG dinucleotide 
sequences within the target sequence comprises use of at least 
one nucleic acid molecule or peptide nucleic acid (PNA) 
molecule comprising, in each case a contiguous sequence at 
least 9 nucleotides in length that is complementary to, or 
hybridizes under moderately stringent or stringent conditions 
to a sequence selected from the group consisting of SEQID 
NOS:5 to SEQ ID NO:20 and SEQID NOS:48 to SEQ ID 
NO:59, and complements thereof. 

12. The method of claim 1, comprising: 
a) obtaining, from a subject, a biological sample having 

subject genomic DNA; 
b) extracting or otherwise isolating the genomic DNA; 
c) treating the genomic DNA ofb), or a fragment thereof, 

with one or more reagents to convert cytosine bases that 
are unmethylated in the 5-position thereof to uracil or to 
another base that is detectably dissimilar to cytosine in 
terms of hybridization properties; 

d) contacting the treated genomic DNA, or the treated 
fragment thereof, with an amplification enzyme and at 
least two primers comprising, in each case a contiguous 
sequence of at least 9 nucleotides that is complementary 
to, or hybridizes under Stringent conditions to a 
sequence selected from the group consisting of SEQID 
NOS:5 to SEQID NO:20 and SEQID NOS:48 to SEQ 
ID NO:59, and complements thereof, wherein the 
treated genomic DNA or the fragment thereof is either 
amplified to produce at least one amplificate, or is not 
amplified; and 

e) determining, based on a presence or absence of, or on a 
property of said amplificate, the methylation state of at 
least one CpG dinucleotide of a sequence selected from 
the group consisting SEQ ID NOS:1 to SEQ ID NO:4 
and SEQID NOS:45 to SEQID NO:47 or an average, or 
a value reflecting an average methylation state of a plu 
rality of CpG dinucleotides of a sequence selected from 
the groups consisting of SEQID NOS:1 to SEQID NO:4 
and SEQID NOS:45 to SEQID NO:47, whereby at least 
one of detecting, or detecting and distinguishing 
between colon cell proliferative disorders is, at least in 
part, afforded. 

13. The method of claim 12, wherein treating the genomic 
DNA, or the fragment thereof inc), comprises use of a reagent 
selected from the group consisting of bisulfite, hydrogen 
sulfite, disulfite, and combinations thereof. 

14. The method of claim 12, wherein contacting or ampli 
fying ind) comprises use of at least one method selected from 
the group consisting of use of a heat-resistant DNA poly 
merase as the amplification enzyme; use of a polymerase 
lacking 5'-3' exonuclease activity; use of a polymerase chain 
reaction (PCR); generation of a amplificate nucleic acid mol 
ecule carrying a detectable labels; and combinations thereof. 

15. The method of claim 14, wherein said nucleic acid 
molecule or peptide nucleic acid molecule is in each case 
modified at the 5'-end thereof to preclude degradation by an 
enzyme having 5'-3' exonuclease activity. 

16. The method of claim 14, wherein said nucleic acid 
molecule or peptide nucleic acid molecule is in each case 
lacking a 3' hydroxyl group. 
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17. The method of claim 16, wherein the amplification 
enzyme is a polymerase lacking 5'-3' exonuclease activity. 

18. The method of claim 12, wherein determining in 
e) comprises hybridization of at least one nucleic acid 

molecule or peptide nucleic acid molecule in each case 
comprising a contiguous sequence at least 9 nucleotides 
in length that is complementary to, or hybridizes under 
stringent conditions to a sequence selected from the 
group consisting of SEQ ID NOS:5 to SEQ ID NO:20 
and SEQ ID NOS:48 to SEQ ID NO:59 and comple 
ments thereof. 

19. The method of claim 18, further comprising extending 
at least one such hybridized nucleic acid molecule by at least 
one nucleotide base. 
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20. The method of claim 12, wherein determining in e), 
comprises sequencing of the amplificate. 

21. The method of claim 12, wherein contacting or ampli 
fying in d), comprises use of methylation-specific primers. 

22. A kit comprising a bisulfite reagent as well as at least 
one oligomer consisting essentially of at least one base 
sequence having a length of at least 10 contiguous nucleotides 
which hybridises to or is identical to a nucleic acid sequences 
selected from the group consisting of SEQID NOS:5 to SEQ 
ID NO:0 and SEQID NOS:48 to SEQID NO. 59. 

23. (canceled) 


